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I .  INTRODUCTION AND HISTORY
B o r d e t e l l a  p e r t u s s i s , t h e  c a u s a t i v e  o r g a n i s m  o f  
w h o o p i n g  c o u g h ,  was d i s c o v e r e d  by B o r d e t  a n d  Gengou I n  
1906  ( 1 ) .  They d e s c r i b e d  t h i s  b a c t e r i u m  a s  a s m a l l ,  
n o n - m o t l l e ,  g r a m - n e g a t i v e  r o d  a n d  named I t  B a c i l l u s  p e r ­
t u s s i s  . T h i s  o r g a n i s m  was  l a t e r  I n c l u d e d  I n  t h e  g e n u s  
H e m o p h i l u s  (2 )  an d  t h u s  was known a s  H e m o p h i l u s  p e r t u s s i s  
u n t i l  Moreno Lopez  I n  1952 (3 )  p r o p o s e d  a new g e n u s  t o  
I n c l u d e  t h r e e  a n t l g e n l c a l l y  s i m i l a r  o r g a n i s m s .  B r u c e l l a  
b r o n c h l s e p t l c a , H. p e r t u s s i s , and  H. p a r a p e r t u s s i s . He 
named t h i s  g e n u s  B o r d e t e l l a . and  B o r d e t e l l a  p e r t u s s i s  
became t h e  a c c e p t e d  name f o r  t h e  b a c t e r i u m  c a u s i n g  w h o o p in g  
c o u g h .
T h i s  I n t e r e s t i n g  m i c r o b e  was f i r s t  I s o l a t e d  by 
B o r d e t  and  Gengou on a n  a g a r  medium c o n t a i n i n g  b l o o d ,  
g l y c e r i n e  a n d  p o t a t o  e x t r a c t  ( 1 ) .  T h i s  medium I s  p r e s e n t l y  
known a s  B o r d e t - G e n g o u  medium and  u s e d  t o d a y  f o r  t h e  
p r i m a r y  I s o l a t i o n  a n d  c u l t i v a t i o n  o f  B. p e r t u s s i s . B o r d e t  
a n d  S l e e s w y k  I n  I 9 IO (M-) n o t e d  t h a t  a l l  r e c e n t l y  I s o l a t e d  
s t r a i n s  w e re  a g g l u t i n a t e d  by a s e r u m  p r e p a r e d  a g a i n s t  a n y  
one  o f  them an d  t h u s  d e m o n s t r a t e d  t h a t  r e c e n t l y  I s o l a t e d  
s m o o t h  s t r a i n s  b e l o n g  t o  a s i n g l e  m a j o r  a n t i g e n i c  t y p e ,  
E l d e r l n g  e_t a l .  ( 5 ) ,  h o w e v e r ,  h av e  shown a n t i g e n i c  g r o u p s  
I n  t h i s  s p e c i e s ,  and  L e s l i e  a n d  G a r d n e r  ( 6 )  d e s c r i b e d  f o u r  
a n t i g e n i c  s t a t e s  an d  d e s i g n a t e d  them a s  P h a s e s  I ,  I I ,  I I I ,
1
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a n d  IV.  M os t  o f  t h e  r e c e n t l y  i s o l a t e d  s t r a i n s  w e r e  f o u n d  
t o  b e l o n g  t o  P h a s e  I .
The p r e s e n c e  o f  a h e a t  l a b i l e  t o x i n  i n  t h i s  o r g a n ­
i s m  was  f i r s t  p o i n t e d  o u t  by B o r d e t  a n d  Gengou (7 )  who 
i n j e c t e d  l i v i n g  b a c i l l i  i n t o  g u i n e a  p i g s  an d  r a b b i t s  and  
n o t e d  t h a t ,  t h o u g h  t h e  o r g a n i s m s  f a i l e d  t o  m u l t i p l y ,  t h e  
a n i m a l s  d i e d  o f  i n t o x i c a t i o n .  T h e s e  w o r k e r s  ( 7 )  demon­
s t r a t e d  t h e  t o x i n  i n  w h o l e  c e l l s  o f  f r e s h l y  i s o l a t e d  
s t r a i n s  b u t  n o t  i n  c u l t u r e  f i l t r a t e s  f r o m  t h e s e  o r g a n i s m s .  
Old s t r a i n s  m a i n t a i n e d  i n  o r d i n a r y  l a b o r a t o r y  m e d i a  d i d  n o t  
p r o d u c e  t h e  t o x i n .  They  w e r e  a b l e  t o  e x t r a c t  t h e  t o x i n  f ro m  
d r i e d  c e l l s  by g r i n d i n g  th e m  i n t o  a f i n e  po wde r  w i t h  
c r y s t a l s  o f  NaCl an d  t h e n  e x t r a c t i n g  t h e  t o x i n  w i t h  c o l d  
d i s t i l l e d  w a t e r .  T h i s  e x t r a c t ,  on i n j e c t i o n  i n t o  g u i n e a  
p i g s  and  r a b b i t s , c a u s e d  an d  r e p r o d u c e d  t h e  p a t h o l o g i c a l  
l e s i o n s  t h a t  w e r e  o b t a i n e d  on  i n j e c t i o n  o f  w h o l e  b a c i l l i .  
Among t h e  p a t h o l o g i c a l  f i n d i n g s  w e r e  n u m e ro u s  p e t e c h i a l  
s p o t s  on t h e  p e r i t o n e u m ,  a b u n d a n t  h e m o r r h a g i c  p e r i t o n e a l  
e x u d a t e ,  r e n a l  and  h e p a t i c  c o n g e s t i o n  and h e m o r r h a g e s  i n  
t h e  c a p s u l e s  o f  t h e  s u p r a r e n a l  g l a n d s .  S u b c u t a n e o u s  
i n j e c t i o n  o f  0 , 2  ml o f  t h i s  t o x i n  I n  g u i n e a  p i g s  p r o d u c e d  
a n  e d e m a t o u s  h e m o r r h a g i c  s p o t  w h i c h  became n e c r o t i c  and 
e v e n t u a l l y  s l o u g h e d  o f f  l e a v i n g  a n  u l c e r .  From t h e i r  
o b s e r v a t i o n s  o f  t h e s e  p a t h o l o g i c a l  l e s i o n s  i n  l a b o r a t o r y  
a n i m a l s  B o r d e t  and Gengou ( 7 )  p o s t u l a t e d  t h a t  t h e  b a c i l l a r y  
t o x i n  had  s i m i l a r  e f f e c t s  on t h e  e p i t h e l i a  o f  t h e  t r a c h e a
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a n d  b r o n c h i  o f  i n f a n t s  s u f f e r i n g  f r o m  w h o o p i n g  c o u g h .  They 
p o i n t e d  o u t  t h a t  L e o n a r d o  D o r a i n i c i  ( 8 )  had  f o u n d  v e r y  few 
c o m p l i c a t i o n s  d u r i n g  a u t o p s y  o f  i n f a n t s  d y i n g  o f  w h o o p i n g  
c o u g h  b e s i d e s  i n f l a m m a t i o n  o f  t h e  l a r y n g e a l  m u c o s a .  The 
t o x i n  seemed  t o  a f f e c t  m a i n l y  t h e  v ? s c u l a r  e n d o t h e l i u m  
c a u s i n g  i n c r e a s e d  p e r m e a b i l i t y ,  h e m o r r h a g e  an d  n e c r o s i s .  
From t h e s e  o b s e r v a t i o n s ,  t h e y  i n f e r r e d  t h a t  t h e  l e s i o n s  
p r o d u c e d  by t h i s  t o x i n  m i g h t  be t h e  c a u s e  o f  t h e  l o n g  d u r a ­
t i o n  o f  t h e  d i s e a s e .
B o r d e t  and Gengou (7 )  a l s o  n o t e d  s e v e r a l  o t h e r  
c h a r a c t e r i s t i c s  o f  t h e  B. p e r t u s s i s  t o x i n .  They f o u n d  i t  
t o  be h e a t  l a b i l e  and  e a s i l y  d e s t r o y e d  by c h l o r o f o r m ,  
t o l u e n e ,  t h y m o l  and  a l c o h o l .  S o l u t i o n s  o f  t h i s  t o x i n  l o s t  
p o t e n c y  when f i l t e r e d  t h r o u g h  C h a m b e r l a n d  f i l t e r s  o r ,  a s  
f o u n d  l a t e r  by o t h e r s ,  when f i l t e r e d  t h r o u g h  B e r k e f e l d  
c a n d l e s  ( 9 )  o r  S e i t z  f i l t e r s  ( 1 0 ) .  I t  e v e n  l o s t  i t s  
p o t e n c y  when k e p t  i n  s o l u t i o n  f o r  r e l a t i v e l y  s h o r t  p e r i o d s  
o f  t i m e .  I t  w a s ,  n e v e r t h e l e s s ,  f o u n d  s t a b l e  when k e p t  i n  
a d r i e d ,  g r o u n d ,  p o w d e r e d  f o r m .
B o r d e t  and  Gengou  (7 )  f a i l e d  t o  d e m o n s t r a t e  a c t i v e  
i m m u n i t y  a g a i n s t  t h e  t o x i n  i n  g u i n e a  p i g s  o r  t o  show 
a n t i t o x i n  i n  a n t i - B .  p e r t u s s i s  h o r s e  s e r u m .
M os t  o f  t h e s e  o b s e r v a t i o n s  made by B o r d e t  a n d  Gengou 
h a l f  a  c e n t u r y  a g o  h a v e  r e m a i n e d  u n c h a l l e n g e d  a s  w i l l  be 
n o t e d  f r o m  t h e  r e v i e w  o f  t h e  l i t e r a t u r e  t h a t  f o l l o w s .
I n  s p i t e  o f  t h e  r e l a t i v e l y  s m a l l  s i z e  o f  t h e
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o r g a n i s m ,  B. p e r t u s s i s  h a s  many a n t i g e n i c  f a c t o r s  w h i c h  
i n d u c e  a number  o f  p h y s i o l o g i c a l  an d  p a t h o l o g i c a l  c h a n g e s  
i n  e x p e r i m e n t a l  a n i m a l s .  S a g i n ,  T u l i s  and  Munoz ( 1 1 ) ,  
u s i n g  t h e  g e l - d i f f u s i o n  meth od  o f  O u c h t e r l o n y  ( 1 2 ) ,  w e r e  
a b l e  t o  show t h e  e x i s t e n c e  o f  a t  l e a s t  t w e l v e  i m m u n o l o g i -  
c a l l y  d i s t i n c t  a n t i g e n s  i n  t h e  s u p e m a t e s  o f  s o n i c a l l y  
d i s r u p t e d  c e l l s .  S i n c e  t h e r e  m u s t  h a v e  b e e n  d i f f e r e n t  
a n t i g e n i c  c o m p o n e n t s  i n  t h e  s e d i m e n t ,  and p e r h a p s  o t h e r s  
i n  t h e  s u p e r n a t a n t s  f o r  w h i c h  a n t i b o d i e s  w e r e  n o t  p r e s e n t  
i n  t h e  s e r u m  u s e d  by t h e s e  w o r k e r s , t h e  c o m p l e x i t y  o f  t h e s e  
o r g a n i s m s  c a n  v e r y  w e l l  be i m a g i n e d .
The a n t i g e n i c i t y  o f  t h e  t o x i n ,  h o w e v e r ,  h a s  b e e n  a 
m a t t e r  o f  c o n s i d e r a b l e  c o n t r o v e r s y .  As m e n t i o n e d  a b o v e ,  
B o r d e t  a n d  Gengou ( 7 )  f a i l e d  t o  d e m o n s t r a t e  i t s  a n t i g e n ­
i c i t y .  L a t e r  w o r k e r s  a l s o  f a i l e d  t o  show t h e  a n t i g e n i c i t y  
o f  t h e  t o x i n .  T e i s s i e r  e t  a l .  ( 1 0 ) ,  E v a n s  an d  M a i t l a n d  
( 1 3 ) ,  Wood (1>+), Keogh an d  N o r t h  ( 1 5 )  and N o r t h  e t  ( 1 6 )
r e p o r t e d  t h a t  B. p e r t u s s i s  t o x i n  was n o n - a n t i g e n i c  i n  
r a b b i t s ,  g u i n e a  p i g s  o r  human b e i n g s .  F l o s d o r f ,  B o n d i  and  
D o z o i s  ( 1 7 )  f a i l e d  t o  show a n t i t o x i n  i n  t h e  s e r u m  o f  c o n ­
v a l e s c e n t  p a t i e n t s  o r  s e r u m  f ro m  h y p e r i m m u n i z e d  p e r s o n s .
I n  1 9 3 3 Î h o w e v e r ,  Lawson ( 1 8 )  r e p o r t e d  t h a t  t h e  t o x i n  p r o ­
d u c e d  a n  i m m u n i t y  o f  lo w  o r d e r ,  and  E v a n s  ( 1 9 ,  20)  r e v i s e d  
h i s  p r e v i o u s  f i n d i n g s  w i t h  M a i t l a n d  ( 1 3 )  and  d e f i n i t e l y  
e s t a b l i s h e d  t h a t  s u b c u t a n e o u s  i n j e c t i o n  o f  f o r m a l i n i z e d  
t o x i n  i n  r a b b i t s  p r o d u c e d  a n  a n t i t o x i n  w h i c h  p r o t e c t e d  t h e s e
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a n i m a l s  f r o m  t h e  d e r m o t o x i c  e f f e c t  o f  t h e  t o x i n .  The 
a n t i t o x i n  p r o d u c e d  was a l s o  c a p a b l e  o f  n e u t r a l i z i n g  H, p a r a ­
p e r t u s s i s  an d  B r u c e l l a  b r o n c h i s e p t i c a  t o x i n s .  The a n t i g e n ­
i c i t y  o f  t h e  t o x i n  was f u r t h e r  c o n f i r m e d  by  K a t s a m p e s  £ t  a l . 
( 2 1 )  a n d  by R o b e r t s  and  O s p e c k  ( 2 2 ,  2 3 ,  2 ^ )  who showed  t h a t  
t h e  t o x i n  was a p o t e n t  a n t i g e n  a n d  t h a t  i t s  a n t i t o x i n  c o u l d  
n e u t r a l i z e  t h e  t o x i n  b o t h  ^  v i t r o  and  v i v o . O s p e c k  and  
R o b e r t s  ( 2 3 )  w e r e  a c t u a l l y  s u c c e s s f u l  i n  d e v e l o p i n g  a p a s ­
s i v e  p r o t e c t i o n  t e s t  i n  r a b b i t s  an d  m i c e .  S t r e a n  and  
G r a n t  ( 2 5 )  a l s o  f o u n d  t h e  t o x i n  t o  be a n t i g e n i c  i n  r a b b i t s . 
They  o b t a i n e d  c o m p l e t e  p r o t e c t i o n  o f  m ic e  w i t h  a n t i t o x i c  
s e r u m  a g a i n s t  two M . L . D . s  o f  t h e  t o x i n ,  a n d ,  a s  f o u n d  by 
E v a n s  ( 1 9 ) ,  t h e  a n t i t o x i n  was c a p a b l e  o f  n e u t r a l i z i n g  t h e  
d e r m o n e c r o t i c  a c t i o n  o f  t h e  t o x i n  i n  r a b b i t s .
Verw ey  a n d  T h i e l e  ( 2 6 )  a l s o  d e m o n s t r a t e d  t h e  p r o ­
d u c t i o n  o f  a n t i t o x i n  i n  r a b b i t s  b u t  t h e n  showed t h a t  when 
t o x i n  p r e p a r a t i o n s  w e r e  f r e e d  f ro m  t h e i r  a g g l u t i n o g e n  
c o n t e n t ,  t h e  t o x i n  became n o n - a n t i g e n i c .  O t h e r  w o r k e r s  
h a v e  s u b s e q u e n t l y  d e m o n s t r a t e d  t h e  a n t i g e n i c i t y  o f  c r u d e  
p r e p a r a t i o n s  o f  t o x i n  ( 2 7 , 2 8 ) ,  b u t ,  t o  o u r  k n o w l e d g e ,  no 
one  h a s  s t u d i e d  t h e  a n t i g e n i c i t y  o f  t h i s  t o x i n  i n  p u r e  fo rm.
A l t h o u g h  m o s t  w o r k e r s  h a v e  d e m o n s t r a t e d  t h e  p r e s e n c e  
o f  t h e  t o x i n  i n  f r e s h l y  i s o l a t e d  s t r a i n s ,  w o r k e r s  d i s a g r e e  
a s  t o  w h e t h e r  t h e  t o x i n  i s  e x c r e t e d  by  t h e  o r g a n i s m s  o r  i f  
i t  i s  f o u n d  i n  t h e  c e l l  body  i t s e l f .  B o r d e t  and Gengou (7 )  
o b t a i n e d  t h e  t o x i n  f r o m  b a c t e r i a l  c e l l s  an d  c o u l d  n o t  f i n d
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i t  i n  t h e  b r o t h  c u l t u r e  f i l t r a t e s .  O t h e r  w o r k e r s  ( 6 ,  1 0 ,
1 3 , 1 8 ,  1 9 )  c o n t i n u e d  t o  e x t r a c t  t h e  t o x i n  f r o m  b a c t e r i a l  
c e l l s  t i l l  Wood ( 1 ^ )  i n  19^0  r e p o r t e d  t h e  f i n d i n g  o f  t h e  
t o x i n  i n  s u f f i c i e n t  a m o u n t s  i n  b r o t h  c u l t u r e  f i l t r a t e s .  
S u b s e q u e n t l y ,  o t h e r s  r e p o r t e d  t h a t  t o x i n  c o u l d  be f o u n d  i n  
p h y s i o l o g i c a l  s a l i n e  w a s h i n g s  o f  B.  p e r t u s s i s  c e l l s  g rown 
on  s o l i d  m ed ia  ( 2 1 )  an d  t h a t  m o s t  o f  t h e  t o x i n  was on t h e  
s u r f a c e  o f  t h e  o r g a n i s m  ( 2 2 ) .  R o b e r t s  and  O s p e c k  ( 2 2 )  a c t u ­
a l l y  c o n s i d e r e d  t h e  t o x i n  t o  be  a m e t a b o l i c  p r o d u c t  e x c r e t e d  
by t h e  o r g a n i s m s  d u r i n g  g r o w t h .  I n  1 9 5 ^  F r a p p i e r  and 
G e u r a u l t  ( 2 9 )  a l s o  came t o  t h e  c o n c l u s i o n  t h a t  t h e  t o x i n  o f  
B. p e r t u s s i s  was s e c r e t e d  by  t h e s e  o r g a n i s m s  a n d  r e m a i n e d  a t  
t h e  s u r f a c e  o f  b a c t e r i a  g rown on s o l i d  c u l t u r e  m e d i a  b u t  
d i f f u s e d  i n t o  t h e  medium i n  b a c t e r i a  g rown i n  l i q u i d  c u l ­
t u r e .  I t  h a s  b e e n  sho wn,  h o w e v e r ,  t h a t  w a s h e d  B. p e r t u s s i s  
c e l l s  l i b e r a t e  l a r g e  q u a n t i t i e s  o f  t o x i n  when l y s e d  by 
f r e e z i n g  and t h a w i n g  ( 2 5 ) ,  by s o n i c  v i b r a t i o n  ( 2 7 ) ,  o r  
e x t r a c t e d  by o t h e r  m e t h o d s  ( 3 0 ,  3 D -  L i b e r a t i o n  o f  t h e  
t o x i n  i n t o  t h e  c u l t u r e  medium d u e  t o  s p o n t a n e o u s  a u t o l y s i s  
o r  l y s i s  o f  a n  unknown l y s o g e n i c  s t r a i n  o r  f o r  some o t h e r  
r e a s o n  m i g h t  e x p l a i n  t h e  p r e s e n c e  o f  t h e  t o x i n  i n  c u l t u r e  
f i l t r a t e s  and  w a s h i n g s  o f  b a c t e r i a l  c e l l s .  I n  t h i s  c o n n e c ­
t i o n  i t  may be m e n t i o n e d  t h a t  K w a j i m a ,  M a t s u i  and Asano 
( 2 8 )  o b s e r v e d  t h e  a p p e a r a n c e  o f  t h e  t o x i n  on t h e  f o u r t h  
d a y  i n  t h e  c u l t u r e  s u p e r n a t e s  and  n o t  b e f o r e ,  and Munoz,
R i b i  a n d  L a r s o n  ( 3 1 )  f o u n d  m o s t  o f  t h e  t o x i n  i n  t h e  p r o t o -
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p l a s m  o f  y ou ng  c e l l s  w h i l e  f i n d i n g  o n l y  s m a l l  a m o u n t s  o f  
t o x i n  i n  c e l l  w a l l  p r e p a r a t i o n s .
The l e t h a l  a n d  n e c r o t i z i n g  e f f e c t s  o f  t h e  t o x i n  on 
e x p e r i m e n t a l  a n i m a l s  w h i c h  w e r e  f i r s t  n o t e d  by B o r d e t  and  
Gengou ( 7 )  h a v e  b e e n  c o n f i r m e d  by a l l  o t h e r  w o r k e r s  i n  t h e  
f i e l d .  The o b s e r v a t i o n s  by B o r d e t  an d  Gengou o f  p a t h o ­
l o g i c a l  c h a n g e s  i n  r a b b i t s  and g u i n e a  p i g s  d y i n g  f r o m  t h i s  
t o x i n  h av e  b e e n  e x t e n d e d  t o  o t h e r  a n i m a l s  by  G a l l a v a n  and  
G o o d p a s t u r e  (3 2 )  an d  by S p r u n t ,  M a r t i n  and  McDearman ( 3 3 ) .  
G a l l a v a n  and  G o o d p a s t u r e  w o r k i n g  w i t h  t h e  c h i c k  embryo
c o n c l u d e d  t h a t  " ............. t h e  l e s i o n s  i n d i c a t e  t h a t  t h e  g r o w i n g
H. p e r t u s s i s  l i b e r a t e  an  i n j u r i o u s  s u b s t a n c e  w h i c h  a c t s  
p r i m a r i l y  on n o n - c i l i a t e d  r e s p i r a t o r y  e p i t h e l i u m ,  c a u s i n g  
d e g e n e r a t i o n  and  n e c r o s i s . . . . " .  They  ( 32 )  f o u n d  l e s i o n s  
i n  a r e a s  w h e r e  no b a c t e r i a  c o u l d  be d e m o n s t r a t e d .  S p r u n t ,  
M a r t i n  a n d  McDearman,  w o r k i n g  w i t h  monkeys  and  r a b b i t s ,  
d e s c r i b e d  s i g n i f i c a n t  l y m p h o c y t o s i s  a n d  i n t e r s t i t i a l  mono­
n u c l e a r  p n e u m o n ia  and  c o n c l u d e d  t h a t  b o t h  r e a c t i o n s  wer e  
c a u s e d  by t o x i c  m a t e r i a l  f o r m e d  i j i  v i v o  by B.  p e r t u s s i s . 
Oddy and  E van s  ( 3 ^ )  f o u n d  t h a t  i n t r a v e n o u s  i n j e c t i o n  o f  
t o x i c  e x t r a c t s  o f  B. p e r t u s s i s  i n t o  r a b b i t s  c a u s e d  a h y p e r ­
g l y c e m i a  f o l l o w e d  by h y p o g l y c e m i a  an d  d e a t h .  N o n - t o x i c  
e x t r a c t s  c a u s e d  h y p e r g l y c e m i a ,  b u t  t h e  s u b s e q u e n t  h y p o ­
g l y c e m i a  was s l i g h t  o r  a b s e n t .  E h r i c h  e t  ad^. ( 3 5 )  f o u n d  
t h a t  t h e  p a t h o l o g i c a l  c h a n g e s  i n  r a b b i t s  a f t e r  i n j e c t i o n  
o f  l e t h a l  d o s e s  o f  t h e  t o x i n  i n c l u d e d  c o n g e s t i o n  and edema
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o f  t h e  l u n g s ,  c l o u d y  s w e l l i n g  o f  t h e  k i d n e y s ,  l i v e r  and 
h e a r t ,  and  n e c r o s i s  e s p e c i a l l y  i n  t h e  l i v e r  and  t h e  
l y m p h a t i c  t i s s u e s  o f  t h e  s p l e e n .
B o r d e t  and  G e n g o u ' s  (7 )  f i n d i n g  t h a t  t h e  t o x i n  
was h e a t  l a b i l e  h a s  b e e n  c o n f i r m e d  by E v a n s  an d  M a i t l a n d  
( 1 3 ) .  They o b s e r v e d  t h a t  t h e  t o x i n  l o s t  i t s  p o t e n c y  s l o w l y  
a t  t e m p e r a t u r e s  u p  t o  2 2 °  C when k e p t  i n  M/100 p h o s p h a t e  
b u f f e r  a t  pH 7 . 0 .  A.t 37*^ C 95 ^  o f  t h e  t o x i c i t y  was l o s t  
i n  two d a y s  and  a t  4^0^ C t h e  same r e d u c t i o n  i n  t o x i c i t y  
o c c u r r e d  i n  9 h o u r s . Wood ( l 4 )  n o t e d  t h a t  h e a t i n g  a t  
54°  C f o r  t e n  m i n u t e s  d e s t r o y s  t h e  t o x i n .  B e s i d e s  t h e  
p r o p e r t i e s  o f  t h e  t o x i n  m e n t i o n e d  a b o v e ,  o t h e r  m i n o r  a s p e c t s  
h a v e  b e e n  i n v e s t i g a t e d .  F o r  e x a m p l e ,  P e n n e l l  and  T h i e l e  
( 36)  o b s e r v e d  t h a t  t h e  t o x i n  was d e t o x i f i e d  i n  t h e  p r e s e n c e  
o f  4-0^ e t h a n o l ,  an d  P i t t m a n  (3 7 )  f o u n d  t h a t  p h e n o l ,  f o r m a l i n  
and  u l t r a - v i o l e t  i r r a d i a t i o n  a l s o  d e s t r o y  i t s  t o x i c i t y .  
M e r t h i o l a t e  c a u s e d  o n l y  p a r t i a l  d e t o x i f i c a t i o n .
The p u r i f i c a t i o n  o f  t h i s  t o x i n  h a s  b e e n  d i f f i c u l t  
and  no one h a s  s u c c e e d e d  i n  o b t a i n i n g  a p u r e  t o x i n  p r e p a r a ­
t i o n .  B o r d e t  and Gengou ( 7 )  and  T e i s s i e r  e_t a l . . ( 1 0 )  made 
c r u d e  p r e p a r a t i o n s  b u t  d i d  n o t  a t t e m p t  p u r i f i c a t i o n  o f  t h e  
t o x i n .  E v a n s  and M a i t l a n d  (13 )  a t t e m p t e d  t o  f r e e  t h e  t o x i n  
f ro m  o t h e r  c e l l  c o m p o n e n t s  by i m m u n o l o g i c a l  m e a n s .  Thus 
t h e y  w e r e  a b l e  t o  rem ove  m o s t  o f  t h e  p r e c i p i t i n o g e n  and 
c o m p l e m e n t  f i x i n g  a n t i g e n s  c o n t a m i n a t i n g  t h e i r  t o x i n  
p r e p a r a t i o n s .  S t r e a n  and  G r a n t  ( 2 5 )  e x t r a c t e d  s u s p e n s i o n s
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o f  Bo p e r t u s s i s  t h a t  had  b e e n  f r o z e n  a n d  t h a w e d  w i t h  
c o n c e n t r a t e d  e l e c t r o l y t e s  an d  c o l l e c t e d  t h e  s u p e r n a t e  a f t e r  
c e n t r i f u g a t i o n  o f  t h i s  e x t r a c t .  The t o x i n  i n  t h e  s u p e r n a t e  
o b t a i n e d  was t h e n  p u r i f i e d  by p r e c i p i t a t i o n  i n  t h e  c o l d  
a t  pH ^ . 0  -  M-.2. S i m i l a r l y  F l o s d o r f  and  K i m b a l l  ( 3 8 )  
w e r e  a b l e  t o  p r e c i p i t a t e  t h e  t o x i n  f r o m  t h e  s u p e r n a t a n t  
o f  s o n i c a l l y  t r e a t e d  c e l l s  by l o w e r i n g  t h e  pH o f  t h e  
s o l u t i o n s  t o  T h i s  p r e c i p i t a t e ,  h o w e v e r ,  a l s o  c o n t a i n e d
some a g g l u t i n o g e n .  R o b i n s  and P i l l e m e r  ( 3 0 )  t r e a t e d  a 
2,5% s u s p e n s i o n  o f  t h e  o r g a n i s m s  w i t h  0 , 0 5  M CaClg a t  
pH 6 . 5 ,  a n d  f o u n d ,  a f t e r  r e m o v i n g  t h e  b a c t e r i a l  d e b r i s ,  
t h e  t o x i n  i n  t h e  s u p e r n a t e .  The t o x i n  c o u l d  t h e n  be 
p r e c i p i t a t e d  i n  15% m e t h a n o l  a t  pH 4-.^- and 0 . 1 3  i o n i c  
s t r e n g t h  a t  - 5 ^  C . The p r e c i p i t a t e  o b t a i n e d  was d i s s o l v e d  
i n  0 . 3 0  M so d iu m  a c e t a t e  a t  pH 7*0  and  f u r t h e r  c l a r i f i e d  
by c e n t r i f u g a t i o n .  The t o x i n  was r e p r e c i p i t a t e d  f ro m  
s o l u t i o n  a t  pH 5 . 3 ,  i o n i c  s t r e n g t h  o f  0 . 1 5  a t  0 °  C and  
was  f o u n d  t o  c o n t a i n  5260 LD^q p e r  rag N.
C o m p l e t e  p u r i f i c a t i o n  o f  t h e  t o x i n  h a s  n o t  bee n  
a t t a i n e d  a n d ,  f o r  t h i s  r e a s o n ,  i t s  e x a c t  c h e m i c a l  n a t u r e  
h a s  n o t  b e e n  e s t a b l i s h e d .  S t r e a n  and  G r a n t  ( 2 5 ) ,  h o w e v e r ,  
f o u n d  t h a t  t h e i r  p r e p a r a t i o n s  c o n t a i n e d  p r o t e i n ,  3.^% 
" f e r m e n t a b l e  s u g a r "  and 0 . 6 ^  g l y c u r o n i c  a c i d .  Yan^mato  
e t  a l . ( 3 9 ,  4-0) f o u n d  t h a t  t h e i r  f r a c t i o n  c o n t a i n e d  b o t h  
p r o t e i n  an d  d e s o x y r i b o n u c l e i c  a c i d  and  t h a t  d ^ s o x y r i b o -  
n u c l e a s e  d e s t r o y e d  m o s t  o f  t h e i r  t o x i c i t y .  They c o n c l u d e d
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t h a t  t h e  t o x i n  m i g h t  be a n u c l e o p r o t e i n  o r  d e s o x y r i b o ­
n u c l e i c  a c i d .
No o t h e r  a t t e m p t s  a t  p u r i f i c a t i o n  and  c h a r a c t e r i ­
z a t i o n  o f  t h e  t o x i n  h av e  t h u s  f a r  b e e n  p u b l i s h e d .
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I I .  STATFMENT OF PROBLEM
The h e a t  l a b i l e  t o x i n  o f  B. p e r t u s s i s  h ^ s  n o t  y e t
b e e n  p u r i f i e d ,  and  i t s  c h e m i c a l  n a t u r e  i s  p r e s e n t l y  u n ­
known,  From t h e  r e v i e w  o f  t h e  l i t e r a t u r e  g i v e n  i n  t h e  
p r e v i o u s  s e c t i o n  i t  a p p e a r s  p o s s i b l e  t h a t  t h i s  t o x i n  p l a y s  
a r o l e  i n  t h e  p a t h o g e n e s i s  o f  w h o o p i n g  co ugh  and may a l s o  
be t h e  c a u s e  o f  c e r t a i n  v a c c i n a t i o n  r e a c t i o n s  i n  c h i l d r e n .  
B e c a u s e  o f  t h e s e  f a c t o r s  a s  w e l l  a s  i t s  h i g h l y  l e t h a l  e f f e c t  
i n  a n i m a l s ,  i t  was d e c i d e d  t o  s t u d y  t h i s  t o x i n  f u r t h e r .
The s p e c i f i c  a i m s  o f  t h e  p r e s e n t  work  w e r e  t o
p u r i f y  t h e  h e a t  l a b i l e  t o x i n  by u s i n g  c e l l u l o s e  co l u m n
c h r o m a t o g r a p h y  a n d ,  i f  p u r i f i c a t i o n  was p o s s i b l e ,  t o  e s t a b ­
l i s h  i t s  n a t u r e  by c h e m i c a l  and  e n z y m a t i c  m e a n s .  The 
e x p e r i m e n t s  p e r f o r m e d  t o  a c c o m p l i s h  t h e s e  a i m s  a r e  d e s ­
c r i b e d  i n  t h i s  t h e s i s .
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I I I .  MATERIALS AND METHODS
A. O r g a n i s m s  and  c u l t u r e  m e di a
Two s t r a i n s  o f  B, p e r t u s s i s  ( #  2926 and  #  2 9 2 7 )  
o b t a i n e d  f r o m  M e r c k - S h a r p  and  Dohme, Wes t  P o i n t ,  P e n n s y l ­
v a n i a  w e r e  u s e d .  They  w e r e  g rown i n  a l i q u i d  medium 
s i m i l a r  t o  t h a t  d e s c r i b e d  by Verwey e_t ( 4 l ) . The
c o m p o s i t i o n  o f  t h i s  medium i s  g i v e n  i n  t h e  A p p e n d i x .
The c u l t u r e s  w e r e  i n c u b a t e d  f o r  ^8 h o u r s  a t  35*^ C and t h e n  
c o l l e c t e d  by c e n t r i f u g a t i o n .  T h e s e  c e l l s  w e r e  w a s h e d  t h r e e  
t i m e s  w i t h  c o l d  d i s t i l l e d  w a t e r  b e f o r e  u s e .  Most  o f  t h e  
wor k  was done  w i t h  s t r a i n  #  2 9 2 6 * .
B . P r e p a r a t i o n  o f  p r o t o p l a s m
The p r o t o p l a s m  was p r e p a r e d  by a method  s i m i l a r  t o  
t h a t  d e s c r i b e d  by Munoz e t  ( 3 1 ) •  A s u s p e n s i o n  o f
w a s h e d  c e l l s  o f  B. p e r t u s s i s  was made i n  c o l d  d i s t i l l e d  
w a t e r  t o  c o n t a i n  f r o m  60 t o  BO b i l l i o n  c e l l s  p e r  m l .  The 
c o n c e n t r a t i o n  was  d e t e r m i n e d  t u r b i d i m e t r i c a l l y  i n  a Coleman 
J u n i o r  S p e c t r o p h o t o m e t e r  Model  6A a t  550 myi. The t u r  b i d i ­
me t r i e  r e a d i n g s  w e r e  c o n v e r t e d  t o  number  o f  c e l l s  f r o m  a 
s t a n d a r d  c u r v e  p r e p a r e d  by p l o t t i n g  t u r b i d i t y  r e a d i n g s  
a g a i n s t  t h e  number  o f  c e l l s  d e t e r m i n e d  by d i r e c t  c o u n t  i n  
a P e t r o f f - H a u s e r  c o u n t i n g  c h a m b e r .  About  5 ml o f  t h i s
* T h e se  c e l l s  w er e  o b t a i n e d  i n  a f r o z e n  s t a t e  f rom  
M e r c k - S h a r p  an d  Dohme, W e s t  P o i n t ,  P e n n s y l v a n i a .
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c e l l  s u s p e n s i o n  w e r e  p l a c e d  i n  a M i c k l e  t u b e  c o n t a i n i n g  
a p p r o x i m a t e l y  5 g o f  #  12 c a t a p h o t e  g l a s s  b e a d s .  The t u b e s  
w e r e  p l a c e d  i n  a M i c k l e  d i s i n t e g r a t o r  an d  v i b r a t e d  f o r  
s e v e n  m i n u t e s .  A f t e r  t h i s  t r e a t m e n t  t h e  t u b e s  w e r e  a l l o w e d  
t o  s t a n d  f o r  a f ew  m i n u t e s  t o  l e t  t h e  g l a s s  b e a d s  s e t t l e ,  
and  t h e  t u r b i d  s u p e r n a t a n t s  w e re  p o o l e d  and  c e n t r i f u g e d  f o r  
one h o u r  a t  2 9 , 0 0 0  g i n  a S e r v a l l  s u p e r s p e e d  c e n t r i f u g e .
A l l  t h e  s t e p s  w e r e  c a r r i e d  o u t  i n  t h e  c o l d  room a t  5*̂  C.
The s l i g h t l y  o p a l e s c e n t  s u p e r n a t a n t s  f r o m  a l l  t h e  t u b e s  
w e r e  p o o l e d  and  d i s t r i b u t e d  i n  a p p r o x i m a t e l y  50 ml a m o u n t s  
i n  10 0  ml s e ru m  b o t t l e s ,  s h e l l  f r o z e n  and  l y o p h i l i z e d .
The d r i e d  p r o t o p l a s m  was  k e p t  a t  5^ C i n  a d e s i c c a t o r  o v e r  
a n h y d r o u s  C aC lg .  I n  t h i s  f o r m  i t  r e t a i n e d  i t s  t o x i c  
a c t i v i t y .
C . C h r o m a t o g r a p h i c  t e c h n i c
(1 )  I o n  e x c h a n g e  c e l l u l o s e
S o b e r  an d  P e t e r s o n  ( ^ 2 )  a n d  P e t e r s o n  a n d  S o b e r  ( ^ 3 )  
ha ve  p r e p a r e d  some h i g h l y  s e l e c t i v e  a n i o n  and  c a t i o n  
e x c h a n g e r s  u t i l i z i n g  a l p h a  c e l l u l o s e  a s  a s u p p o r t  f o r  
i o n i z i n g  g r o u p s .  Two o f  t h e s e  p r e p a r a t i o n s ,  d i e t h y l a m i n o -  
e t h y l  c e l l u l o s e  (DEAE) and  ECTEOLA c e l l u l o s e  (a c o m p l e x  
p r o d u c t  o f  e p i c h l o r h y d r i n  a n d  t r i e t h a n o l a m i n e ) ,  w e r e  u s e d  
i n  t h e  p r e s e n t  w o r k  f o r  t h e  f r a c t i o n a t i o n  o f  t h e  B.  p e r ­
t u s s i s  p r o t o p l a s m .  DEAE c e l l u l o s e ,  w h i c h  h a s  b e e n  f o u n d  
v e r y  e f f e c t i v e  f o r  c h r o m a t o g r a p h y  o f  p r o t e i n s ,  i s  a n  a n i o n  
e x c h a n g e r  p r e p a r e d  by t r e a t i n g  s t r o n g l y  a l k a l i n e  c e l l u l o s e
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w i t h  2 - c h l o r o - N ,  N - d i e t h y l e t h y l a m i n e , ECTFOLA. c e l l u l o s e ,  
on  t h e  o t h e r  h a n d ,  h a s  b e e n  f o u n d  v e r y  p r o m i s i n g  f o r  t h e  
c h r o m a t o g r a p h y  o f  n u c l e i c  a c i d s .
DEAE c e l l u l o s e  was o b t a i n e d  f r o m  E a s t m a n  O r g a n i c  
C h e m i c a l s ,  D i s t i l l a t i o n  P r o d u c t s  I n d u s t r i e s ,  R o c h e s t e r  3»
New Y o r k ,  and  ECTEOLA c e l l u l o s e  was o b t a i n e d  f r o m  Brown 
an d  Company,  B e r l i n ,  New H a m p s h i r e .
B e f o r e  u s e  t h e s e  s u b s t a n c e s  w er e  w a s h e d  i n  t h e  
f o l l o w i n g  ma nn er  :
A s u i t a b l e  a m o u n t  o f  t h e  compound was s u s p e n d e d  i n  
d i s t i l l e d  w a t e r  i n  a l o n g  g l a s s  m e a s u r i n g  c y l i n d e r ,  mixed  
t h o r o u g h l y  and  a l l o w e d  t o  s t a n d  f o r  two h o u r s .  The b i g g e r  
p a r t i c l e s  s e t t l e d  down t o  t h e  b o t t o m  o f  t h e  c y l i n d e r  i n  
a c o m p a c t  l a y e r ,  w h e r e a s  t h e  s m a l l e r  p a r t i c l e s  r e m a i n e d  
s u s p e n d e d  i n  t h e  t u r b i d  s u p e r n a t a n t  f l u i d .  T h i s  s u p e r n a t a n t  
f l u i d  was d e c a n t e d ,  and  t h e  s e d i m e n t e d  c e l l u l o s e  was wash ed  
o nc e  more a s  b e f o r e  t o  c o l l e c t  t h e  h e a v i e r  p a r t i c l e s  o f  
more o r  l e s s  u n i f o r m  s i z e .
The s e t t l e d  m a t e r i a l  was r e s u s p e n d e d  i n  d i s t i l l e d  
w a t e r  an d  p o u r e d  i n  s m a l l  am o u n t s  i n t o  a s i n t e r e d  g l a s s  
f i l t e r  2-g- i n c h e s  i n  d i a m e t e r .  A s p i r a t i o n  was a p p l i e d  t o  
remo ve  t h e  f l u i d .  Enough  m a t e r i a l  was c o l l e c t e d  t o  f o r m  
a l a y e r  a b o u t  0 . 5  cm i n  t h i c k n e s s .  I t  was t h e n  w as h e d  
s e v e r a l  t i m e s  w i t h  d i s t i l l e d  w a t e r ,  t w i c e  w i t h  100 ml 
a m o u n t s  o f  a s o l u t i o n  c o n t a i n i n g  0 . 5  M NaOH and 0 . 5  M 
N a C l ,  an d  s e v e r a l  t i m e s  w i t h  100 ml a m o u n t s  o f  0 . 2  M KH2P0i^
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s o l u t i o n .  The w a s h i n g s  w i t h  KHgPO^. w e r e  c o n t i n u e d  u n t i l  
t h e  r e a c t i o n  o f  t h e  s u s p e n s i o n  was d i s t i n c t l y  a c i d  a s  
d e t e r m i n e d  by pH p a p e r . D u r i n g  e a c h  w a s h  t h e  m a t e r i a l  was 
t h o r o u g h l y  mixed  by means  o f  a g l a s s  r o d .
The a c i d  s u s p e n s i o n  was t h e n  made a l k a l i n e  by 
w a s h i n g  s e v e r a l  t i m e s  w i t h  100 ml a m o u n t s  o f  a 0 . 2  M NapHPO^^ 
s o l u t i o n .  F i n a l l y ,  t h e  p r e p a r a t i o n  was w a s h e d  t h r e e  t i m e s  
w i t h  0 . 0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1 ,  r emoved  f ro m  t h e  
s i n t e r e d  g l a s s  f u n n e l  and  s u s p e n d e d  i n  80% a l c o h o l .  T h i s  
a l c o h o l i c  s u s p e n s i o n  was s t o r e d  i n  t h e  r e f r i g e r a t o r  u n t i l  
n e e d e d .
B e f o r e  u s e  t h e  a l c o h o l i c  s u s p e n s i o n  was s p u n  down 
i n  a S e r v a l l  s u p e r s p e e d  c e n t r i f u g e  a t  3 0 , 9 0 0  g f o r  30 
m i n u t e s  an d  w a s h e d  w i t h  t h e  b u f f e r  u s e d  i n  t h e  p a r t i c u l a r  
e x p e r i m e n t  t i l l  t h e  pH o f  t h e  s u s p e n s i o n  was e q u a l  t o  t h a t  
o f  t h e  b u f f e r  e m p l o y e d .  U s u a l l y  t h i s  s t e p  r e q u i r e d  t h r e e  
o r  more w a s h i n g s ,
( 2 )  P r e p a r a t i o n  o f  c e l l u l o s e  c o l u m n  
The c e l l u l o s e  p r e p a r a t i o n  s u s p e n d e d  i n  t h e  p r o p e r  
b u f f e r  was p o u r e d  i n t o  a p y r e x  g l a s s  t u b e  1 cm i n  d i a m e t e r  
a n d  23 cm l o n g .  The en d  o f  t h e  t u b e  was c o n s t r i c t e d  i n t o  
a c a p i l l a r y  e n c a s e d  i n  a g l a s s  t u b e  ^ . 5  cm l o n g .  T h i s  t u b e  
f i t t e d  e x a c t l y  i n t o  t h e  o p e n i n g  o f  a d r o p  c o u n t e r  c a s e  
( s e e  F i g u r e  I ) .
A s m a l l  p i e c e  o f  g l a s s  w o o l  was p u s h e d  down i n t o  t h e  
t u b e  j u s t  a b o v e  t h e  c o n s t r i c t e d  e n d .  The s u s p e n s i o n  was
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t h e n  p o u r e d  i n t o  t h e  t u b e  and  a l l o w e d  t o  s e t t l e  s lov^ ly  
o v e r  t h e  g l a s s  w o o l  t o  f o r m  a c o l u m n .  The h e i g h t  o f  t h i s  
c o l u m n  (8 -  1 1 . 5  cm) was c o n t r o l l e d  b y  t h e  am ou nt  o f  m a t e r ­
i a l  a d d e d .  The co l u m n  was  w a s h e d  w i t h  t h e  p r o p e r  b u f f e r  
a nd  t h e  s i d e s  o f  t h e  t u b e  w i p e d  c l e a n  o f  p a r t i c l e s  w i t h  a 
c o t t o n  swab s o a k e d  w i t h  b u f f e r .  F i n a l l y ,  t h e  c o l u m n  was 
p a c k e d  t o  t h e  d e s i r e d  l e v e l  by a p p l y i n g  a i r  p r e s s u r e .
To p r o c e s s  a l a r g e  am ou n t  o f  p r o t o p l a s m  b i g g e r  
c o l u m n s  were  s i m i l a r l y  p r e p a r e d  i n  a 10 cm g l a s s  f u n n e l  
o v e r  a w e t  p i e c e  o f  g l a s s  wool  f o r  s u p p o r t .
( 3 )  B u f f e r s ,  e l e c t r o l y t e s  and pH c h a n g i n g  s o l u t i o n s  
The c o m p o s i t i o n  an d  me th od  o f  p r e p a r i n g  t h e  b u f f e r s ,  
e l e c t r o l y t e s  and  pH c h a n g i n g  s o l u t i o n s  a r e  g i v e n  i n  t h e  
A p p e n d i x .
(M-) Method o f  e l u t i o n  an d  c o l l e c t i o n  o f  f r a c t i o n s  
To e l u t e  t h e  t o x i n  f r o m  t h e  c e l l u l o s e  co l umn  a 
l i n e a r  c o n t i n u o u s  g r a d i e n t  s y s t e m  (*+^) was u s e d .  To 
a c c o m p l i s h  a c o n t i n u o u s  g r a d i e n t ,  two i d e n t i c a l  g r a d u a t e d  
g l a s s  c y l i n d e r s  w e r e  u s e d .  E a c h  c y l i n d e r  had  a s i d e  n o z z l e  
a t  t h e  same h e i g h t  n e a r  t h e  b o t t o m .  The s i d e  n o z z l e s  o f  
t h e  two c y l i n d e r s  w e r e  c o n n e c t e d  by p l a s t i c  t u b e s  t o  a 
g l a s s  T t u b e .
A s i p h o n  d r a i n i n g  i n t o  t h e  c o l u m n  was t h e n  p l a c e d  
i n  t h e  c y l i n d e r  c o n t a i n i n g  t h e  b u f f e r  s o l u t i o n .  The o t h e r  
c y l i n d e r  c o n t a i n e d  t h e  c o n c e n t r a t e d  e l u t i n g  s o l u t i o n .  F g c h  
s o l u t i o n  was s t i r r e d  w i t h  a m a g n e t i c  s t i r r e r  t h r o u g h o u t
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t h e  e x p e r i m e n t  t o  i n s u r e  c o m p l e t e  m i x i n g .  To a v o i d  v o r t e x  
f o r m a t i o n  due t o  s t i r r i n g ,  g l a s s  r o d s  w e r e  hung f ro m  t h e  
u p p e r  e d g e  o f  e a c h  c y l i n d e r .  The l e v e l  o f  t h e  b u f f e r  and 
e l u t i n g  a g e n t  i n  t h e  two c y l i n d e r s  w e re  b r o u g h t  t o  I 30  ml 
o r  150  ml a c c o r d i n g  t o  t h e  vo lu m e o f  t h e  f r a c t i o n s  c o l ­
l e c t e d .  The c o l l e c t i n g  t u b e s  p l a c e d  i n  a f r a c t i o n  c o l l e c t o r  
w e r e  a b o u t  two f e e t  b e l o w  t h e  l e v e l  o f  t h e  c y l i n d e r s .
A. M is co  I n t e r v a l  T imer  w i t h  a M i c r o f l e x  C o u n t e r  
c o n n e c t e d  t o  a Wal thum R a y t h e o n  V o l t a g e  S t a b i l i z e r  w»s 
u s e d  f o r  c o u n t i n g  t h e  number  o f  d r o p s  o f  t h e  e l u t e d  m a t e r i a l .  
The f r a c t i o n s  w e r e  c o l l e c t e d  w i t h  t h e  h e l p  o f  a M is co  
A u t o m a t i c  F r a c t i o n  C o l l e c t o r  i n  12 x  100 mm p y r e x  t u b e s .
The c o m p l e t e  a p p a r a t u s  was s e t  up  i n s i d e  t h e  c o l d  room so  
a s  t o  a v o i d  a s  f a r  a s  p o s s i b l e  a n y  l o s s  o f  t o x i c i t y .
F i g u r e  I  shows t h e  a r r a n g e m e n t  o f  t h e  a p p a r a t u s ,
(5 )  F r a c t i o n a t i o n  o f  p r o t o p l a s m
F i v e  m i l l i g r a m s  o f  d r i e d  p r o t o p l a s m  w e re  d i s s o l v e d  
i n  5 ml o r  7 , 5  ml o f  c o l d  d i s t i l l e d  w a t e r  o r  c o l d  b u f f e r  
s o l u t i o n .  T h i s  s o l u t i o n  was s l o w l y  p o u r e d  on t h e  c e l l u l o s e  
c o l u m n  w i t h  a p i p e t t e  an d  a l l o w e d  t o  f i l t e r  t h r o u g h .  A i r  
p r e s s u r e  was a p p l i e d  t o  a c c e l a r a t e  t h e  p a s s a g e  o f  t h e  
s o l u t i o n  t h r o u g h  t h e  c o l u m n .  The e l u a t e  was c o l l e c t e d  and  
p o o l e d  f o r  f u t u r e  t e s t s .  The c o l u m n  c o n t a i n i n g  t h e  a b ­
s o r b e d  t o x i n  and o t h e r  p r o t o p l a s m i c  c o m p o n e n t s  was t h e n  
w a s h e d  s e v e r a l  t i m e s  w i t h  5 o r  7 ml a m o u n t s  o f  b u f f e r  
s o l u t i o n .  Eac h  w a s h i n g  was c o l l e c t e d  and  s a v e d  f o r  t e s t i n g .
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F i g u r e  I .  Column c h r o m a t o g r a p h y  a p p a r ^ t u s  u s e d  f o r  






l e f t  c y l i n d e r  c o n t a i n i n g  b u f f e r
r i g h t  c y l i n d e r  c o n t a i n i n g  e l u t i n g  a g e n t
s i p h o n  t u b e  d -  c e l l u l o s e  co lum n
r a y t h e o n  v o l t a g e  s t a b i l i z e r
i n t e r v a l  t i m e r  g -  f r a c t i o n  c o l l e c t o r
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The s i p h o n  f ro m  t h e  c y l i n d e r  c o n t a i n i n g  t h e  b u f f e r  
was c o n n e c t e d  t o  t h e  c e l l u l o s e  c o l u m n ,  and  t h e  t u b e  
c o n n e c t i n g  t h e  two c y l i n d e r s  was o p e n e d  t o  a l l o w  t h e  e l e c ­
t r o l y t e  o r  t h e  pH c h a n g i n g  s o l u t i o n  t o  f l o w  i n t o  t h e  b u f f e r .  
The s i p h o n  was s t a r t e d  t o  a l l o w  t h e  e l u t i n g  s o l u t i o n  t o  
b e g i n  f l o w i n g  o n t o  t h e  c o lu m n .  The f l o w  was a d j u s t e d  t o  
a p p r o x i m a t e l y  70 ml p e r  h o u r .
F r a c t i o n s  o f  e i t h e r  4 . 2  ml (1 2 0  d r o p s )  o r  7 ml 
(2 0 0  d r o p s )  w ere  c o l l e c t e d .  The e l u a t e ,  w a s h i n g s  and  
f r a c t i o n s  w ere  t e s t e d  f o r  t o x i c i t y ,  h i s t a m i n e  s e n s i t i z i n g  
f a c t o r , and  f o r  t h e i r  p r o t e i n ,  n u c l e i c  a c i d  and  c a r b o h y d r a t e  
c o n t e n t .  I n  some e x p e r i m e n t s  t h e  e f f e c t  o f  v a r i o u s  enzym es  
on t h e  t o x i c  f r a c t i o n s  was a l s o  s t u d i e d .
D . B i o l o g i c a l  t e s t s
(1 )  T e s t s  f o r  t o x i c i t y
S i n c e  m ic e  o f  d i f f e r e n t  s t r a i n s  r e s p o n d  s i m i l a r l y  t o  
t h e  h e a t  l a b i l e  t o x i n ,  t h r e e  d i f f e r e n t  s t r a i n s  o f  m i c e ,  a s  
t h e y  became a v a i l a b l e ,  w ere  em p lo y ed  f o r  t o x i c i t y  t e s t s .  
T h e s e  s t r a i n s  w e re  t h e  S w is s  W e b s t e r  s t r a i n  s u p p l i e d  by 
G r i g g ' s  a n i m a l  s u p p l i e r , San  J o s e ,  C a l i f o r n i a ,  t h e  S w iss  
W e b s t e r  s t r a i n  CFW p u r c h a s e d  f ro m  C a r s w o r t h  F a r m s ,  New C i t y ,  
New Y o r k ,  and t h e  a l b i n o  s t r a i n  o f  m ice  m a i n t a i n e d  a t  t h e  
Rocky  M o u n ta in  L a b o r a t o r y ,  H a m i l t o n ,  M o n ta n a .  The p r e p a r a ­
t i o n s  w e re  i n j e c t e d  i n t r a p e r i t o n e a l l y  i n  v a r i o u s  a m o u n ts  n o t  
e x c e e d i n g  0 . 5  m l ,  an d  t h e  d e a t h s  w e re  r e c o r d e d 4 8  h o u r s  l a t e r .
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(2 )  H i s t a m i n e  s e n s i t i v i t y  t e s t
The CFW s t r a i n  f ro m  C a r w o r t h  Farms was u s e d  f o r  t h i s  
e x p e r i m e n t .  E q u i v a l e n t  am o u n ts  o f  f r a c t i o n s  u s e d  i n  t o x i ­
c i t y  t e s t s  w ere  d e t o x i f i e d  by h e a t i n g  i n  a w a t e r  b a t h  a t  
56°  C f o r  15  m i n u t e s ,  c o o l e d  t o  room t e m p e r a t u r e  and  i n ­
j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  t h e  m i c e .  F o u r  d a y s  l a t e r  
e a c h  mouse was c h a l l e n g e d  i n t r a p e r i t o n e a l l y  w i t h  0 . 5  mg 
h i s t a m i n e  b a s e  d i s s o l v e d  i n  0 . 5  ml d i s t i l l e d  w a t e r .  D e a t h s  
o c c u r r i n g  w i t h i n  30  m i n u t e s  a f t e r  h i s t a m i n e  c h a l l e n g e  w e re  
t h e n  r e c o r d e d ,
Ec S p e c t r o p h o t o m e t r i e  r e a d i n g s
The Beckman DU S p e c t r o p h o t o m e t e r  was u s e d .  The 
o p t i c a l  d e n s i t i e s  o f  t h e  f r a c t i o n s  w e re  d e t e r m i n e d  b e tw e e n  
t h e  w a v e l e n g t h s  o f  220  m_p. and  300 m^ a t  i n t e r v a l s  o f  5 m^ 
o r  10 m>i and t h e  v a l u e s  o b t a i n e d  w e re  p l o t t e d  a g a i n s t  
t h e  w a v e l e n g t h s  t o  e s t a b l i s h  t h e  c h a r a c t e r i s t i c s  o f  t h e  
a b s o r p t i o n  s p e c t r u m ,
F ,  C h e m ic a l  t e s t s
(1 )  P r o t e i n  e s t i m a t i o n  w i t h  F o l i n - C i o c a l t e u  r e a g e n t  
The m ethod  f o l l o w e d  f o r  t h e  e s t i m a t i o n  o f  p r o t e i n
w a s ,  w i t h  s l i g h t  m o d i f i c a t i o n ,  t h a t  d e s c r i b e d  by Lowry
e t  a l . (4 5 )  u s i n g  t h e  F o l i n - C i o c a l t e u  (4 6 )  r e a g e n t  f o r
t h e  e s t i m a t i o n  o f  t y r o s i n e  and  t r y p t o p h a n e  i n  p r o t e i n s .
( s e e  A p p e n d ix  f o r  p r e p a r a t i o n  o f  r e a g e n t s )
F i v e - t e n t h s  ml o f  t h e  s a m p le  and  5 ml o f  t h e  c o p p e r
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a l k a l i n e  s o l u t i o n  w e re  m ix ed  and  a l l o w e d  t o  s t a n d  f o r  10 
m i n u t e s .  F i v e - t e n t h s  ml o f  d i l u t e d  F o l i n  r e a g e n t  w ere  
t h e n  a d d e d ,  and  t h e  m i x t u r e  was r e a d  U-5 m i n u t e s  l a t e r  i n  
a Beckman DU S p e c t r o p h o t o m e t e r  a t  a wave l e n g t h  o f  750 m;a.
I n  a few  e x p e r i m e n t s  t h e  t e s t s  w e re  r e a d  i n  a Colem an J u n i o r  
S p e c t r o p h o t o m e t e r  a t  a wave l e n g t h  o f  660 mp.
(2 )  E s t i m a t i o n  o f  p e n t o s e  and  d e s o x y p e n t o s e  
S a m p le s  w e re  h y d r o l y z e d  by t h e  m e th o d  o f  Morse and 
C a r t e r  ( ^ 7 )  t o  o b t a i n  p e n t o s e  an d  d e s o x y p e n t o s e  f ro m  RNA. 
and  DNA, r e s p e c t i v e l y .  The s a m p le  was m ixed  w i t h  an  e q u a l  
v o lu m e  o f  1 0 ^  t r i c h l o r o a c e t i c  a c i d  (TCA) and h e a t e d  i n  a 
b o i l i n g  w a t e r  b a t h  f o r  30 m i n u t e s .  The vo lum e l o s t  was 
r e p l a c e d  w i t h  5% TCA. A l i q u o t s  f ro m  t h i s  s o l u t i o n  w e re  
t e s t e d  f o r  p e n t o s e  and  d e s o x y p e n t o s e .
a ) O r c i n o l  r e a c t i o n  f o r  p e n t o s e  ( k-8)
( f o r  r e a g e n t s  s e e  A p p en d ix )
One ml o f  h y d r o l y z e d  s a m p le  was a d d e d  t o  ^ . 5  ml o f  
t h e  o r c i n o l  r e a g e n t ,  m ix ed  t h o r o u g h l y ,  h e a t e d  i n  a b o i l i n g  
w a t e r  b a t h  f o r  20 m i n u t e s ,  c o o l e d ,  an d  t h e  m i x t u r e  was 
r e a d  i n  t h e  Coleman J u n i o r  S p e c t r o p h o t o m e t e r  a t  a wave 
l e n g t h  o f  660 mp.
b ) D i p h e n y l a m i n e  r e a c t i o n  f o r  d e s o x y p e n t o s e  (*+9)
( f o r  r e a g e n t s  s e e  A p p e n d ix )
One and  one h a l f  ml o f  t h e  h y d r o l y z e d  s a m p le  w ere  
a d d e d  t o  5 ml o f  t h e  r e a g e n t ,  h e a t e d  i n  a b o i l i n g  w a t e r  
b a t h  f o r  5 m i n u t e s ,  c o o l e d ,  and  t h e  m i x t u r e  was r e a d  i n
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t h e  C o lem an  J u n i o r  S p e c t r o p h o t o m e t e r  a t  a wave l e n g t h  o f  
5^0
(3 )  E s t i m a t i o n  o f  c a r b o h y d r a t e s
The m e thod  u s e d  f o r  t h e  e s t i m a t i o n  o f  c a r b o h y d r a t e s  
was a m o d i f i c a t i o n  o f  t h e  r e a c t i o n  d e s c r i b e d  by  Thomas ( 5 0 ) ,  
S e v e n  ml o f  77% H2S0i^ ( v / v )  was a d d e d  t o  1 ml o f  t h e  s a m p le  
k e p t  i n  a c o l d  w a t e r  b a t h  ( 1 0 - 1 5 °  C ) .  A f t e r  t h o r o u g h  
m i x i n g  and  c o o l i n g ,  1 ml o f  f r e s h l y  p r e p a r e d  1% s o l u t i o n  o f  
t r y p t o p h a n e  i n  d i s t i l l e d  w a t e r  was a d d e d  and  m ixed t h o r ­
o u g h l y .  I t  was t h e n  h e a t e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  
20 m i n u t e s  and  c o o l e d  t o  room t e m p e r a t u r e .  A f t e r  30 
m i n u t e s ,  t h e  o p t i c a l  d e n s i t y  o f  t h e  v i o l e t  b rown c o l o r  
w h ic h  d e v e l o p e d  was d e t e r m i n e d  i n  t h e  Coleman J u n i o r  
S p e c t r o p h o t o m e t e r  a t  a wave l e n g t h  o f  500 mp.
G. T e s t s  f o r  e n z y m a t i c  d e g r a d a t i o n  o f  t h e  t o x i n
(1 )  T r e a t m e n t  w i t h  t r y p s i n
The t r y p s i n  u s e d  was o b t a i n e d  f ro m  N u t r i t i o n a l  
B i o c h e m i c a l  C o r p o r a t i o n ,  F r e e h o l d ,  New J e r s e y .
To 1 . 6  ml o f  e a c h  f r a c t i o n  was a d d e d  0 . 2  ml o f  a 
s o l u t i o n  o f  t r y p s i n  c o n t a i n i n g  250  p g / m l  i n  0 . 0 1 5  M p h o s ­
p h a t e  b u f f e r ,  pH 7 . 1 .  The m i x t u r e  was k e p t  a t  room te m p ­
e r a t u r e  f o r  one h o u r ,  and  t h e n  0 . 5  ml p o r t i o n s  o f  t h i s  
m i x t u r e  w ere  i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  e a c h  m o u se .
The d e a t h s  i n  e a c h  g r o u p  w e re  r e c o r d e d  a t  t h e  end  o f  
M-8 h o u r s .
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To d e t e r m i n e  w h e t h e r  t h e  enzyme was a c t i v e  u n d e r  t h e  
a b o v e  c o n d i t i o n s  o f  t e m p e r a t u r e ,  pH and  b u f f e r  c o n c e n ­
t r a t i o n ,  a m o d i f i c a t i o n  o f  t h e  m e th o d  d e v e l o p e d  by  K u n i t z  
( 5 1 )  f o r  t h e  d e t e r m i n a t i o n  o f  t r y p t i c  a c t i v i t y  on c a s e i n  
was u s e d  ( s e e  A p p e n d i x ) .
( 2 )  T r e a t m e n t  w i t h  r i b o n u c l e a s e
The r i b o n u c l e a s e  u s e d  was o b t a i n e d  f ro m  W o r t h i n g t o n  
B i o c h e m i c a l  C o r p o r a t i o n .
To 1 . 6  ml a m o u n ts  o f  e a c h  f r a c t i o n  w e re  a d d e d  0 . 2  ml 
o f  a s o l u t i o n  o f  r i b o n u c l e a s e  c o n t a i n i n g  125  j i g / m l . The 
s o l u t i o n  o f  t h e  enzyme was made i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  
a t  pH 7 . 1 .  The m i x t u r e  was a l l o w e d  t o  s t a n d  a t  room te m p ­
e r a t u r e  f o r  one h o u r  and  t h e n  t e s t e d ,  a s  i n  t h e  c a s e  o f  
t r y p s i n  t r e a t m e n t ,  f o r  i t s  t o x i c i t y  i n  m i c e .
( 3 )  T r e a t m e n t  w i t h  d e s o x y r i b o n u c l e a s e
The d e s o x y r i b o n u c l e a s e  u s e d  was o b t a i n e d  f ro m  
W o r t h i n g t o n  B i o c h e m i c a l  C o r p o r a t i o n .
The m ethod  u s e d  was s i m i l a r  t o  t h a t  u s e d  f o r  r i b o ­
n u c l e a s e ,  e x c e p t  t h a t  a s o l u t i o n  c o n t a i n i n g  125 jug o f  
d e s o x y r i b o n u c l e a s e  p e r  ml i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  a t  
pH 7 . 1  was u s e d .  E n o u g h  MgSO)+.7HgO was t h e n  ad d e d  t o  t h e  
r e a c t i n g  m i x t u r e  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 0 5  M.
The a c t i v i t y  o f  d e s o x y r i b o n u c l e a s e  u n d e r  t h e  ab o v e  
c o n d i t i o n s  was e s t a b l i s h e d  by a m o d i f i c a t i o n  o f  t h e  m e th o d  
d e s c r i b e d  by McDonald (5 3 )  ( s e e  A p p e n d i x ) .
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IV .  EXPERIMENTAL RESULTS
E x p e r i m e n t  I . T o x i c i t y  an d  c h e m i c a l  c o m p o s i t i o n  
o f  p r o t o p l a s m
B o r d e t e l l a  p e r t u s s i s  c e l l s  s u s p e n d e d  i n  c o l d  d i s ­
t i l l e d  w a t e r  w e re  r a i c k e l i z e d  an d  c e n t r i f u g e d  a t  2 9 , 0 0 0  g 
i n  t h e  c o l d  f o r  one h o u r .  The s u p e r n a t e  was f o u n d  t o  c o n ­
t a i n  a f a i r l y  h i g h  c o n c e n t r a t i o n  o f  t h e  t o x i n .  T a b l e  1 
g i v e s  t h e  r e s u l t s  o f  t o x i c i t y  t e s t s  w i t h  t h i s  s u p e r n a t e .
As c a n  be s e e n ,  a s  l i t t l e  a s  0 . 0 1  ml o f  t h e  s u p e r n a t e  
k i l l e d  2 o f  5 m ic e  i n j e c t e d ,  and  0 . 0 5  ml k i l l e d  5 o f  5 
m ic e  r e c e i v i n g  t h i s  d o s e .
The s u p e r n a t e  o r  p r o t o p l a s m  was l y o p h i l i z e d  and  a g a i n  
t e s t e d  f o r  t o x i c i t y .  I t  was f o u n d  t h a t  20 jpg o f  t h i s  
m a t e r i a l  k i l l e d  100  p e r  c e n t  o f  t h e  m ice  ( T a b l e  2 ) .
The o p t i c a l  d e n s i t i e s  o f  t h e  o r i g i n a l  s u p e r n a t e  
d i l u t e d  1 / 5 0  and  1 / 1 0 0  and  o f  t h e  d r i e d  p r o t o p l a s m  i n  
a q u e o u s  s o l u t i o n  a t  c o n c e n t r a t i o n s  o f  100 }xg/ml  and  200 
ju g /m l  w ere  d e t e r m i n e d  i n  a Beckman DU S p e c t r o p h o t o m e t e r  
b e t w e e n  t h e  wave l e n g t h s  o f  220 an d  300  njp. T a b l e  3 
g i v e s  t h e  r e s u l t s  o b t a i n e d ,  and  F i g u r e  I I  shows t h e  a b s o r p ­
t i o n  c u r v e s  o b t a i n e d  when o p t i c a l  d e n s i t y  r e a d i n g s  w ere  
p l o t t e d  a g a i n s t  wave l e n g t h s .  A l l  showed p e a k s  a t  260  nyi 
e x c e p t  one  w h i c h  had  a p e a k  a t  265  mja. I t  seem s t h a t  t h e  
n u c l e i c  a c i d  c o n t e n t  o f  t h e s e  s a m p l e s  was h i g h  e n o u g h  t o
2U-
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TABLE 1
TOXICITY TESTS WITH SUPERNATES FROM MICKELIZED B. PERTUSSIS 
CELLS WITH GRIGG'S STRAIN OF MICE
S e r i a l  num ber  o f  
g r o u p s  o f  m ice
Ml o f  s u p e r n a t e  
i n j e c t e d
Number o f  d e a d /  
num ber  o f  m ice  
i n j e c t e d
I 0 . 2 5 / 5
I I 0 . 1 V 5
*111 0 . 0 5 5 / 5
IV 0 . 0 2 3 / 5
V 0 . 0 1 2 / 4
VI 0 . 0 0 5 0 / 5
*The s u p e r n a t e  was d i l u t e d  f o r  i n j e c t i n g  G roups  
I I I  -  V I .
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TABLE 2
TOXICITY TESTS WITH MEASURED QUANTITIES OF DRIED PROTOPLASM
IN SOLUTION WITH CFW STRAIN OF MICE
S e r i a l  num ber  o f  
g r o u p s  o f  m ice
)ig o f  d r i e d  p r o t o ­
p l a s m  i n j e c t e d  
p e r  mouse
Number o f  d e a d /  
num ber  o f  m ice  
i n j e c t e d
I 500 ^/5
I I 200 V 5
I I I 100 9 /10
IV 50 3 /3
V ^ 0 4 / 5
VI 20 8 /8
V I I 10 1 /3
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TABLE 3
SPECTROPHOTOMETRIC READINGS OF SUPERNATES FROM MICKELIZED 
CELLS AND DRIED PROTOPLASM IN SOLUTION
Wave
l e n g t h
i n
O.D. o f  s u p .  
d i l u t e d  1 / 5 0
O.D. o f  s u p .  
d i l u t e d  1 / 1 0 0
O.D. o f  p r o t o  
200 ;ag /m l
O . D . o f  
p r o t o . 
lOO pg/m l
220 0 . 6 9 0 0 . 3 6 3 1 . 2 4 0 0 . 8 7 5
2 2 5 0 . 5 3 ^ 0 . 2 8 4 0 . 9 4 6 —
230 0 . 3 8 2 0 . 2 2 5 0 . 6 7 8 0 . 5 1 ^
2 3 ^ 0 . 2 6 5 0 . 1 7 4 0 . 4 4 6 -
2^0 0 . 2 1 7 0 . 1 5 0 0 . 3 3 6 0 . 2 3 2
2 4 5 0 . 2 2 5 0 . 1 4 5 0 . 3 1 ^
2 50 0 . 2 4 5 0 . 1 5 0 0 . 3 2 4 0 . 2 1 2
2 5 ^ 0 . 2 6 0 0 . 1 5 5 0 . 3 3 6 —
260 0 . 2 6 2 0 . 1 5 6 0 . 3 4 2 0 . 2 2 5
2 6 5 0 . 2 5 2 0 . 1 5 7 0 . 3 3 0 —
270 0 . 2 2 8 0 . l 4 0 0 . 3 0 8 0 . 2 0 5
275 0 . 2 0 3 0 . 1 2 0 0 . 2 7 8 —
280 0 . 1 7 0 0 . 1 0 8 0 . 2 4 3 0 . 1 6 7
2 8 5 0 . 1 3 3 0 . 0 8 8 0 . 1 9 9
290 0 . 1 0 2 0 . 0 6 5 0 . 1 4 5 0 . 1 0 7
2 9 ^ 0 . 0 6 3 0 . 0 4 5 —
300 0 . 0 4 2 0 . 0 3 0 0 . 1 0 3 0 . 0 5 6




* ^ * 6  L6-hs , t h  f n  n \/* .
F i g u r e  I I .  A b s o r p t i o n  c u r v e s  o f  s u p e r n a t e  f ro m  
m i c k e l i z e d  c e l l s  a n d  o f  d r i e d  p r o t o p l a s m  i n  s o l u t i o n .
A -  p r o t o p l a s m  s o l u t i o n  200 jig  p e r  ml 
B -  s u p e r n a t e  f ro m  m i c k e l i z e d  c e l l s  d i l u t e d  1 / 5 0  
C -  p r o t o p l a s m  s o l u t i o n  100 j ig  p e r  ml 
D -  s u p e r n a t e  f ro m  m i c k e l i z e d  c e l l s  d i l u t e d  1 / 1 0 0
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o v e r s h a d o w  a n y  p r o t e i n  p e a k  t h a t  m i g h t  h a v e  b e e n  p r e s e n t .
F o l l o w i n g  t h e  m e th o d  o f  W a rb u rg  and  C h r i s t i a n  (5^)  
f o r  t h e  d e t e r m i n a t i o n  o f  p r o t e i n  i n  a p r o t e i n  and  n u c l e i c  
a c i d  m i x t u r e  f ro m  s p e c t r o p h o t o m e t r i e  r e a d i n g s ,  i t  was f o u n d
t h a t  R28O / 26O ( t h e  r a t i o  o f  t h e  o p t i c a l  d e n s i t y  a t
280  nyi t o  t h a t  a t  260  m^) f o r  t h e  a q u e o u s  s o l u t i o n  o f  d r i e d  
p r o t o p l a s m  c o n t a i n i n g  2 0 0  jug p e r  ml was a b o u t  O .7 0 7 . The 
f a c t o r  F (5^^) c o r r e s p o n d i n g  t o  t h i s  r a t i o  i s  O.k-80. From 
t h e s e  v a l u e s  t h e  p r o t e i n  c o n c e n t r a t i o n  was d e t e r m i n e d  by 
t h e  f o l l o w i n g  f o r m u l a :
P r o t e i n  c o n c e n t r a t i o n  (m g /m l)  = F x  1 / d  x  OD a t  
280  m/i w h e re  d i s  t h e  c u v e t t e  w i d t h  i n  c e n t i m e t e r s  (1  cm 
i n  t h i s  c a s e ) .  Thus  t h e  p r o t e i n  c o n c e n t r a t i o n  was fo u n d  
t o  be :
P r o t e i n  c o n c e n t r a t i o n  (m g /m l)  = 0 . 4 8 0  x  1 x  0 . 2 4 3  = 
0 . 1 1 7  m g /m l .  I n  o t h e r  w o r d s ,  200  jug o f  d r i e d  p r o t o p l a s m  
c o n t a i n e d  117  h g  o f  p r o t e i n .
/F rom  a t a b l e  (5 4 )  o f  n u c l e i c  a c i d  c o n t e s t s  a g a i n s t  
R2 8 O / 2 6 O i t  was f o u n d  t h a t  t h e  a b o v e  s o l u t i o n  o f  p r o t o p l a s m  
c o n t a i n e d  a b o u t  1 0 ^  n u c l e i c  a c i d  o r  20 jug o f  n u c l e i c  a c i d  
i n  200  p.g o f  p r o t o p l a s m .  The r e m a i n i n g  63 p g  c o n s i s t s  o f  
c a r b o h y d r a t e  and  o t h e r  m a t e r i a l s .
H ow ever ,  t h e r e  may be a c o n s i d e r a b l e  e r r o r  i n  t h i s  
m e th o d  o f  e s t i m a t i o n  a s  d i f f e r e n t  p r o t e i n s  and  n u c l e i c  a c i d s  
do  n o t  h a v e  t h e  same a b s o r p t i o n .  B e s i d e s ,  p u r i n e  and  
p y r i m i d i n e  n u c l e o t i d e s  a l s o  e x h i b i t  a b s o r p t i o n  i n  t h e
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r e g i o n  o f  260  t o  280  m;i, an d  t h e s e  n u c l e o t i d e s  p r e s u m a b l y  
w e r e  p r e s e n t  i n  t h e  p r e p a r a t i o n .
C h e m i c a l  e s t i m a t i o n s  by c o l o r i m e t r i c  m e th o d s  c o n ­
f i r m e d  t h e  s p e c  t r o p h o  tome t r i e  f i n d i n g s .  From 200 p.g o f  
p r o t o p l a s m  t h e  c o l o r  o b t a i n e d  w i t h  F o l i n  r e a g e n t  m e a s u r e d  
a t  750  mja was f o u n d  t o  c o n t a i n  1 2 ^  p g  o f  p r o t e i n  a s  d e t e r ­
m in ed  f ro m  a s t a n d a r d  c u r v e  o f  eg g  a l b u m i n  ( s e e  A p p e n d ix
f o r  s t a n d a r d  c u r v e ) .  The c a r b o h y d r a t e  and  n u c l e i c  a c i d
e s t i m a t i o n  by c o l o r i m e t r i c  m e th o d s  showed t h e  p r e s e n c e  o f  
o n l y  9 jug o f  RNA an d  23 jag o f  c a r b o h y d r a t e s  ( r e a d  a g a i n s t  
RNA an d  g l u c o s e  s t a n d a r d  c u r v e s  r e s p e c t i v e l y  -  s e e  A p p e n d ix )  
i n  200  jug o f  p r o t o p l a s m ,  an d  a b o u t  6 jug o f  DNA i n  300  p g  
o f  p r o t o p l a s m .  The DNA v a l u e  i s  n o t  a c c u r a t e  b e c a u s e  t h e  
am o u n t  p r e s e n t  was b e lo w  t h e  s e n s i t i v i t y  o f  t h e  m e t h o d .
The d i f f i c u l t y  r e g a r d i n g  c o l o r i m e t r i c  e s t i m a t i o n  o f  
DNA i s  t h a t  e f f e c t i v e  c o l o r  i s  p r o d u c e d  b e t w e e n  a r a n g e  o f  
5 0 - 5 0 0  p g  o f  DNA p e r  ml o f  s o l u t i o n ,  w h e r e a s  a t  lo w  c o n c e n ­
t r a t i o n s  t h e  r e a c t i o n  i s  v e r y  i n s e n s i t i v e .  The s a m p l e s
t e s t e d  had  DNA c o n c e n t r a t i o n s  much b e lo w  t h i s  e f f e c t i v e  
l e v e l  and  t h e  c o l o r  p r o d u c e d  was i n  t h e  zone  o f  lo w  s e n s i ­
t i v i t y .  F o r  RNA t h e  e f f e c t i v e  r a n g e  i s  b e t w e e n  10 an d  
1 0 0  J i g / m l ,  an d  t h e  s a m p l e s  t e s t e d  had  RNA c o n c e n t r a t i o n s  
n e a r  t h e  l o w e r  r a n g e  o f  e f f e c t i v e  c o l o r  p r o d u c t i o n .
T a b l e  ^  s u m m a r i z e s  t h e  r e s u l t s  o f  c o l o r i m e t r i c  
e s t i m a t i o n s  o f  p r o t e i n ,  DNA, RNA an d  c a r b o h y d r a t e s  i n  t h e  
d r i e d  p r o t o p l a s m .




































PROTEIN, DNA, RNA AND CARBOHYDRATE CONTENTS OF PROTOPLASM
BY COLORIMETRIC ANALYSIS
f 1
' P r o t e i n  ’ 
' 100 ^g p r o t o .  '
I 1
DNA ’ 
300 pg p r o t o .  '
RNA
200 pg p r o t o ,  ’
1
C a rb o h y d ra te  * 
200 pg p r o t o ,  '
1
' OD a t









r e a d i n g  '
OD a t  ' 
660 mp ’
Mean ' 
r e a d i n g  '




r e a d i n g  - 
;
1













0 .0 0 3 0 ,0 2 8  • 0 ,0 2 2 !
1
' 0 .212 0 ,2 2 1  ' 0 ,0 0 6 0 ,0 0 4  ' 0 .0 1 9  ' 0 .0 1 8  ’ 0 .0 2 1  '
1 *(62 p g ) ' ♦ (a b o u t  ' *(9 pg )  ' * (23  »ig) '
’ 0 .1 9 7  1 f
0 .0 0 3 6 pg)  ' 0 .0 1 6  ' 0 .0 2 2 r
Î
' 0 ,2 2 5t
?
1
0 .0 0 ^ 0 .0 1 4  ‘ - (
1
♦Amowits o f  m a t e r i a l s  c o r r e s p o n d in g  t o  c o l o r i m e t e r  r e a d i n g s  as  d e t e r m in e d  
from  s t a n d a r d  c u r v e s  ( s e e  A p p e n d ix ) .
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T a b l e  5 shows t h a t  t h e  t o x i c i t y  o f  t h e  t o x i n  i s  
e a s i l y  d e s t r o y e d  by u l t r a v i o l e t  l i g h t .  I t  was fo u n d  t h a t  
when i n j e c t i o n s  w e re  made w i t h  s o l u t i o n s  w h ic h  had  b e e n  
r e a d  i n  a s p e c t r o p h o t o m e t e r  w i t h  u l t r a v i o l e t  l i g h t ,  t h e  
t o x i c i t y  was r e d u c e d .  W h e re a s  20 p g  o f  d r i e d  p r o t o p l a s m  
u s u a l l y  k i l l s  1 0 0 ^  o f  t h e  m i c e ,  e v e n  50 p g  o f  u l t r a v i o l e t  
e x p o s e d  p r o t o p l a s m  f a i l e d  t o  k i l l  more t h a n  2 o f  5 m ice  
i n j e c t e d .
To f i n d  o u t  t h e  c h e m i c a l  n a t u r e  o f  t h e  m a t e r i a l  
r e s p o n s i b l e  f o r  t o x i c i t y  i n  t h e  p r o t o p l a s m ,  t h e  e f f e c t  o f  
d i f f e r e n t  enzym es  on  i t  w e re  t r i e d .  T a b l e  6 s u m m a r iz e s  t h e  
r e s u l t s  o f  t o x i c i t y  t e s t s  o b t a i n e d  w i t h  p r o t o p l a s m  s o l u t i o n s  
t r e a t e d  w i t h  t r y p s i n ,  d e s o x y r i b o n u c l e a s e  (DNase)  and  r i b o ­
n u c l e a s e  ( R N a s e ) .  C o n t r o l s  o f  t h e  u n t r e a t e d  p r o t o p l a s m  and  
o f  t h e  enzyme s o l u t i o n s  by t h e m s e l v e s  w e re  i n c l u d e d  i n  
t h i s  e x p e r i m e n t .  T h e s e  e n z y m e s ,  a t  t h e  c o n c e n t r a t i o n s  
u s e d ,  had  no o b s e r v a b l e  a d v e r s e  e f f e c t  on t h e  m i c e .  The 
r e s u l t s  i n  T a b le  6 show t h a t  p r o t o p l a s m  l o s t  a l l  i t s  
t o x i c i t y  f o r  t h e  m ic e  a f t e r  t r e a t m e n t  w i t h  t r y p s i n ,  w h i l e  
DNase and  RNase t r e a t m e n t  had no e f f e c t  on t h e  t o x i c i t y  o f  
t h e  p r o t o p l a s m .  T h e s e  o b s e r v a t i o n s  i n d i c a t e d  t h a t  t h e  
t o x i n  i s  m o s t  p r o b a b l y  a p r o t e i n .  To a s c e r t a i n  t h e  a c t i v i t y  
o f  t r y p s i n ,  DNase an d  RNase t h e s e  en zy m es  w e re  t e s t e d  u n d e r  
t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t  ( s e e  A p p e n d ix )  and  f o u n d  
t o  be a c t i v e .
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TABLE 5
REDUCTION OF TOXICITY OF A SOLUTION OF PROTOPLASM 
AFTER TAKING READINGS IN A SPECTROPHOTOMETER 
WITH ULTRAVIOLET LIGHT
S e r i a l  number o f  
g r o u p s  o f  m ice
Jig o f  d r i e d  p r o t o ­
p l a s m  i n j e c t e d  
p e r  mouse
Number o f  d e a d /  
num ber  o f  m ice  
i n j e c t e d
I 50 2 / 5
I I 20 1 / 5
I I I 10 0 / 5
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TABLE 6
TOXICITY OP PROTOPLASM TREATED WITH TRYPSIN, 
DNase AND RNase
S e r . i a l  num ber  
o f  g r o u p s  
o f  mj ee
M a t e r i a l
i n j e c t e d
Amount o f
m a t e r i a l
i n j e c t e d
Number o f  d e a d /  
num ber  o f  m ice  
i n j e c t e d
I p r o t o p l a s m 100 pig 8 / 9
I I p r o t o p l a s m  
+ t r y p s i n
100 pig 
pig 0 / 9
I I I t r y p s i n pig 0 / 3
TV p r o t o p l a s m  
+ DNase
100 pig
7 pig 8 / 9
V DNase 7 pig 0 / 3
VI p r o t o p l a s m  
+ RNase
100  pig
7 >ig 8 / 9
V I I RNase 7 p g 0 / 3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
E x p e r i m e n t  I I . C h r o m a t o g r a p h y  w i t h  ECTE0L4 co lum n
ECTEOLA c e l l u l o s e  c o lu m n s  (8  cm p r e s s e d  down t o  5 cm) 
w e r e  f i r s t  u s e d  t o  a b s o r b  5 mg o f  p r o t o p l a s m  d i s s o l v e d  i n  
w a t e r  0 A f t e r  a b s o r p t i o n ,  t h e  co lu m n  was w ash e d  f i v e  t i m e s  
w i t h  5 ml a m o u n ts  o f  0 . 0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1 ,  and  
t h e n  a g r a d i e n t  o f  1 M NaCl i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  
was u s e d  t o  e l u t e  t h e  t o x i n .  F r a c t i o n s  o f  4 . 2  ml (120  
d r o p s )  w e re  c o l l e c t e d .
T a b l e  7 g i v e s  t h e  r e s u l t s  o f  t h i s  f r a c t i o n a t i o n .
I t  c a n  be s e e n  t h a t  t h e  t o x i n  i s  a b s o r b e d  f ro m  s o l u t i o n  
s i n c e  t h e  e l u a t e  I  ( f l u i d  f i l t e r i n g  o u t  a f t e r  a b s o r p t i o n  
o f  p r o t o p l a s m  s o l u t i o n )  showed no  t o x i c i t y  f o r  m i c e .  The 
t o x i n  was o n l y  w e a k l y  h e l d  by ECTEOLA h o w e v e r ,  s i n c e  
p r a c t i c a l l y  a l l  t h e  w a s h i n g s  e x c e p t  V I  showed t h e  p r e s e n c e  
o f  some t o x i n  a s  w e l l  a s  t h e  f i r s t  s i x  o r  s e v e n  f r a c t i o n s .  
T h i s  i n d i c a t e d  t h a t  ECTEOLA c e l l u l o s e ,  w h i c h  i s  b e s t  s u i t e d  
f o r  c h r o m a t o g r a p h y  o f  n u c l e i c  a c i d s ,  d i d  n o t  b i n d  t h e  t o x i n  
v e r y  s t r o n g l y ,  p e r h a p s  d ue  t o  i t s  p r o t e i n  n a t u r e .
The a b s o r p t i o n  c u r v e s  o f  t h e  t o x i c  f r a c t i o n s  ( F i g u r e s  
I I I  and  IV) o b t a i n e d  f ro m  s p e c t r o p h o t o m e t r i e  r e a d i n g s  
( T a b l e  9 )  b e t w e e n  2*+0 mp. and  300 mp had p e a k s  w h ic h  d i f f e r e d  
f ro m  t h a t  o f  p r o t o p l a s m  s o l u t i o n .  A l l  t h e  t o x i c  f r a c t i o n s  
an d  w a s h i n g s  had  p e a k s  b e t w e e n  t h e  wave l e n g t h s  o f  2 6 5  m^ 
a n d  2 7 5  mja, (m o s t  p r o b a b l y  a t  a b o u t  270 mp) i n d i c a t i n g  t h a t  
t h e  r a t i o  o f  n u c l e i c  a c i d  t o  t h a t  o f  p r o t e i n  had  b e e n
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TABLE 7
TOXICITY TESTS ON CFW AND HAMILTON MICE OF FRACTIONS OF 
PROTOPLASM OBTAINED FROM SEVEN SHORT ECTEOLA COLUMNS 
WITH A GRADIENT OF 1 M NaCl IN 0 . 0 1 5  M PHOSPHATE BUFFER
W a s h in g s  and  
f r a c t i o n s  
t e s  t e d
Q u a n t i t y  I n j e c t e d  
p e r  mouse 
i n  ml
Number o f  d e a d /  
num ber  o f  m ice  
i n j e c t e d
I  ( e l u a t e ) 0 . 5 0 / 1 0
I I  ( w a s h i n g ) It 1 2 / 2 2
I I I  ” 11 1 5 / 1 7
IV " 11 9 / 1 2
V " II 5 /1 2
VI " II 1 / 1 2
1 ( f r a c t i o n ) II 1 2 / 2 5
2 " II 1 5 / 2  5
3 II 1 5 / 2 5]+ 11 II 1 8 / 2 5
5 II 2 1 / 2 5
6 " II 8 / 2 5
7 II 2 / 2 5
8 II 0 / 1 0
9 II 1 / 1 0
10 " II 0 / 1 0
11 II 0 / 5
12 " II 0 / 5
13 II 0 / 5
li+ >' II 0 / 5
1 5  ” II 0 / 5
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F i g u r e  I I I .  A b s o r p t i o n  c u r v e s  o f  w a s h i n g s  ( I I  and  
I I I )  an d  f r a c t i o n s  1 an d  2 o b t a i n e d  f ro m  s h o r t  ECTEOLA 
c o l u m n s  w i t h  1 M NaCl i n  p h o s p h a t e  b u f f e r .
I I  and  I I I  -  w a s h i n g s  
F r  -  f r a c t i o n








F i g u r e  1 7 .  A b s o r p t i o n  c u r v e s  o f  f r a c t i o n s  3 ,  h .
5 an d  6 o b t a i n e d  f ro m  s h o r t  ECTEOLA c o lu m n s  w i t h  1 M NaCl 
i n  p h o s p h a t e  b u f f e r .
F r  -  f r a c t i o n
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TABLE 8
TOXICITY TESTS ON HAMILTON MICE OF FRACTIONS OF PROTOPLASM 
OBTAINED FROM A 1 0 .5  cm ECTEOLA COLUMN
W a s h in g s  and  
f r a c t i o n s  
t e s t e d
Q u a n t i t y  i n j e c t e d  
p e r  mouse
i n  ml
Number o f  d e a d /  
num ber  o f  m ic e  
i n j e c t e d
I  ( e l u a t e ) 0 . 5 0 /3
I I  ( w a s h i n g ) n 2 /3
I I I  " 11 3 /3
IV " 11 3 /3
V " 11 2 /3
VI ” 11 0 /3
1 ( f r a c t i o n ) 11 0 /3
2 " II 0 /3
3 11 0 /3
h  " II 3 /3
5 11 0 /3
6 II 0 /3
7 11 0 /3
8 11 0 /3
9 11 0 /3
10 11 0 /3
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TABLE 9
SPECTROPHOTOMETRIC ANALYSIS OF TOXIC FRACTIONS 
OBTAINED FROM SHORT ECTEOLA COLUMNS WITH A GRADIENT
OF 1 M NaCl IN 0 . 0 1 5 M PHOSPHATE BUFFER
T o x ic  w a s h i n g s  
an d  f r a c t i o n s Mean 0 . D. a t  wave l e n g t h s
2^+0 250 260 270 280 290 300
I I ( w a s h i n g ) .0 6 8 .0 6 1 .0 7 7 .0 9 3 . 0 8 5 .0 4 4 . 0 0 9
I I I ÎÎ .1 2 3 . 0 7 7 .0 8 2 .0 9 1 .0 7 3 , 0 4 l .0 1 4
IV It - - . 0 0 4 ,0 1 4 — —
1 ( f r a c t i o n ) .2 2 1 .1 7 1 .1 7 7 .1 8 9 .1 7 8 .1 4 3 .0 7 9
2 n .1 7 $ .1 3 0 . 1 2 5 .1 2 7 .1 1 5 . 0 8 9 .0 7 5
3 tt . 1 2 7 .0 8 5 . 0 7 4 .0 7 3 .0 6 6 . 0 4 5 .0 3 3
i+ IÎ . 1 1 8 .0 5 6 .0 3 9 . 0 4 l .0 3 8 . 0 2 6 .0 2 6
5 tr ,1 1 8 .0 5 3 .0 3 6 .0 4 2 . 0 3 5 .0 2 8 . 0 1 4
6 u .2 3 7 .1 5 1 .1 2 0 .1 2 1 .1 1 7 .0 7 2 . 0 4 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
r e d u c e d  d u r i n g  f r a c t i o n a t i o n .  The m o s t  t o x i c  p o r t i o n s ,  t h e
s e c o n d  w a s h i n g  ( I I I )  an d  f r a c t i o n  5 ,  h ad  R28O / 26O 
o f  0 , 8 9 0  and  0 , 9 7 2  r e s p e c t i v e l y .  T h i s  w o u ld  c o r r e s p o n d  t o  
n u c l e i c  a c i d  c o n t e n t s  o f  '^,75% and  3 « 6 ^ ,  r e s p e c t i v e l y ,  
i n s t e a d  o f  t h e  10^  f o u n d  i n  t h e  p r o t o p l a s m .  C h e m ic a l  
e s t i m a t i o n  o f  p r o t e i n  by F o l i n  r e a g e n t  showed t h a t  t h e  
s e c o n d  w a s h i n g  had  t h e  h i g h e s t  am o u n t  o f  p r o t e i n  i n  i t ,  
w h e r e a s  t h e  o t h e r  t o x i c  w a s h i n g s  and  f r a c t i o n s  had l e s s e r  
q u a n t i t i e s  o f  p r o t e i n  ( T a b l e  1 0 ) .  I t  was a l s o  fo u n d  t h a t  
t h e  n o n - t o x i c  f r a c t i o n s  ( n o t  shown i n  T a b l e  10 )  had  f a i r  
am o u n ts  o f  p r o t e i n  i n d i c a t i n g  t h a t  o n l y  a s m a l l  p a r t  o f  
t h e  p r o t e i n  o f  t h e  p r o t o p l a s m  c o n s t i t u t e d  t h e  t o x i n .
To e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  t h e  r e s u l t s  
o b t a i n e d  w i t h  t h e  a b o v e  m e n t i o n e d  s m a l l e r  ECTEOLA c o lu m n s  
w e r e  due  t o  a n  o v e r l o a d  o f  t h e  c o lu m n ,  b i g g e r  co lu m n s  
( 1 0 „ 5  cm p r e s s e d  down t o  ? cm) w e re  u s e d  f o r  c h r o m a t o ­
g r a p h y  o f  t h e  same am o u n t  o f  p r o t o p l a s m .  The w a s h i n g s  
( I I ,  I I I ,  IV and  V) a g a i n  showed t o x i c i t y ,  b u t  t h e  f i r s t  
f ew  f r a c t i o n s  d i d  n o t  h av e  any  o f  t h e  t o x i n ,  and  o n l y  
f r a c t i o n  h showed t o x i c i t y .  T h ese  r e s u l t s  i n d i c a t e d  t h a t  
ECTEOLA had  a lo w  a b s o r p t i v e  c a p a c i t y  f o r  t h e  t o x i n .  The 
r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  8 .  The q u a n t i t i e s  o f  DNA 
and  RNA a s  d e t e r m i n e d  by d i p h e n y l a m i n e  and o r c i n o l  
r e a c t i o n s  o f  t o x i c  w a s h i n g s  and  f r a c t i o n  w e re  n e g l i g i b l e  
( T a b l e  1 1 )*
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TABLE 1 0
PROTEIN ESTIMATION BY FOLIN REAGENT OF TOXIC WASHINGS 
AND FRACTIONS OBTAINED FROM A SHORT ECTFOLA COLUMN
T o x ic  w a s h i n g s  and  
f r a c t i o n s  t e s t e d
O p t i c a l  d e n s i t y  
a t  660 mft
I I I ( w a s h i n g ) . 0 8 0
IV t l .0 2 2
V t l .012
2 ( f r a c t i o n ) . 0 1 2
3 M .OlM-
if II . 0 2 1
5 .022
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TABLE 11
DNA AND RNA ESTIMATION OF TOXIC WASHINGS Alë 
FRACTIONS OBTAINED FROM A 1 0 . 5  cm ECTFOLA COLUMN
T o x ic  w a s h i n g s  and  
f r a c t i o n s  t e s t e d
O.D. a t  660 nÿi 
f o r  RNA
O.D. a t  5^0 mji 
f o r  DNA
I I  ( w a s h i n g ) .0 0 2 0
I I I  ” .0 0 5 .0 0 2
IV " 0 0
V " 0 .0 0 1
4  ( f r a c t i o n ) .0 0 1 .0 0 2
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E x p e r i m e n t  I I I . C h r o m a t o g r a p h y  w i t h  DEAE c o lu m n
1 c E l u t i o n  w i t h  NaCl  i n  p h o s p h a t e  b u f f e r
DEAE c o l u m n s  ( 1 0 . 5  t o  1 1 . 5  cm p r e s s e d  down t o  5 . 5  t o  
6 cm) w e r e  u s e d  i n  t h i s  e x p e r i m e n t  f o r  a b s o r b i n g  5 mg o f  
d r i e d  p r o t o p l a s m  d i s s o l v e d  i n  7 . 5  ml o f  0 . 0 1 5  M p h o s p h a t e  
b u f f e r ,  pH 7 . 1 .  A f t e r  a b s o r p t i o n  t h e  co l u m n  was  w as he d  
f o u r  t i m e s  w i t h  7 ml a m o u n t s  o f  p h o s p h a t e  b u f f e r ,  and  t h e n  
t h e  t o x i n  was e l u t e d  w i t h  a g r a d i e n t  o f  1 M NaCl i n  0 . 0 1 5  M 
p h o s p h a t e  b u f f e r  a t  pH 7 . 1 .  F r a c t i o n s  *+, 5 and 6 w e r e  f oun d  
t o  be  t h e  m o s t  t o x i c  f r a c t i o n s .  S l i g h t  a m o u n t s  o f  t o x i n  
w e r e  a l s o  f o u n d  i n  some c a s e s  i n  f r a c t i o n s  3? 7 a n d  8 ,  No 
t o x i n  was  f o u n d  e i t h e r  i n  t h e  w a s h i n g s  o r  i n  t h e  f i r s t  
e l u a t e  a f t e r  a b s o r p t i o n .  T h i s  i n d i c a t e d  t h a t  t h e  t o x i n  
was f u l l y  a b s o r b e d  an d  h e l d  f i r m l y  by t h e  c o l u m n .  The 
r e s u l t s  o f  t h e  e x p e r i m e n t  a r e  t a b u l a t e d  i n  T a b l e  1 2 .
The m o s t  t o x i c  f r a c t i o n s ,  *+, 5 and  6 ,  w e r e  r e a d
i n  a s p e c t r o p h o t o m e t e r  b e t w e e n  220  mja a n d  300  nyi a t  i n t e r ­
v a l s  o f  5 n p  and i t  was f o u n d  t h a t  f r a c t i o n s  5 and  6 showed 
p e a k s  a t  270  mp. w h e r e a s  f r a c t i o n  4  had  a p e a k  a t  280  mp.
The r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  13 and  F i g u r e  V.
C h e m i c a l  e s t i m a t i o n  o f  p r o t e i n ,  RNA, DNA and  
c a r b o h y d r a t e s  by c o l o r i m e t r i c  m e t h o d s  showed t h a t  f r a c t i o n s  
Ï+, 5 and  6 c o n t a i n e d  1 7 . 5  p g ,  1 7 . ^  p g  an d  35  pg  p e r  ml
o f  p r o t e i n  r e s p e c t i v e l y  a s  d e t e r m i n e d  by  a s t a n d a r d  c u r v e
made w i t h  eg g  a l b u m i n .  The DNA a n d  RNA c o n t e n t s  w e r e  
n e g l i g i b l e  i n  f r a c t i o n s  4-, 5 and  6 .  A l l  t h e  t o x i c  f r a c t i o n s
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TABLE 12
TOXICITY TESTS WITH WASHINGS AND FRACTIONS OBTAINED 
FROM 1 0 o 5 - 1 1 . 5  cm DEAF COLUMNS WITH 1 M NaCl IN
PHOSPHATE BUFFER
W a s h i n g s  and  
f r a c t i o n s  
t e s t e d
Q u a n t i t y  i n j e c t e d  
p e r  mouse 
i n  ml
Number o f  de  a d"7 
number  o f  mice  
i n j e c t e d
I  ( e l u a t e ) 0 , 5 0 / 1 5
I I  ( w a s h i n g ) tt 0 /1  5
I I I  " II 0 / 1 5
IV ” II 0 / 1 5
V " II 0 / 1 5
1 ( f r a c t i o n ) II 0 / 1 5
2 " II 0 / 1 5
3 II 3 / 1 5II 1 2 / 1 5
5 II l V l 5
6 II 1 3 / 1 5
7 II 9 / 1 5
8 II 3 / 9
9 II 0 / 9
10 ” II 0 / 9
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TABLE 13
SPECTROPHOTOMETRIC READINGS OF THF THREE MOST TOXIC
FRACTIONS
1
FROM A 11 
M NaCl  IN
cm DEAE COLUMN ELUTED 
PHOSPHATE BUFFER
WITH
Wave O.D. o f O.D.  o f O.D.  o f
l e n g t h F r  4 F r  5 F r  6
220 .1 5 3 .11+3 . 2 6 2
225 . 1 2 1 . 1 0 8 . 2 0 4
230 . 0 9 6 . 071+ . 1 4 5
2 3 ^ . 0 7 1 .0 3 9 .0 9 1
2 M-O . 0 6 0 .021+ . 0 6 8
. 0 ^ 4 . 0 2 1 . 0 5 6
2^0 .OM-6 . 0 1 9 . 0 4 8
2 ^ ^ . 031+ . 0 1 6 . 0 3 9
260 . 0 2 9 . 0 1 ^ . 0 3 7
2 6 ^ . 0 2 6 . 0 1 3 .0 3 2
270 .021+ .011+ . 0 3 4
2 7 ^ . 0 2 2 . 0 1 3 .0 3 2
280 .0 2 3 . 0 1 1 . 0 2 8
2 8 ^ . 0 2 2 . 0 0 8 . 0 2 4
290 .0 1 9 .0 0 5 .0 1 8
300 . 0 1 2 .0 0 1 . 0 1 0




■* W i V i  L f f f r u  I N  m y u
F i g u r e  V. A b s o r p t i o n  c u r v e s  o f  f r a c t i o n s  l+, 5 an d  
6 o b t a i n e d  f r o m  a n  11 cm DEAE c o l u m n  e l u t e d  w i t h  1 M N a d  
i n  p h o s p h a t e  b u f f e r .
F r  -  f r a c t i o n
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h ad  s m a l l  am o u n t s  o f  c a r b o h y d r a t e  v a r y i n g  f r o m  12 -  20 jug/ml  
( d e t e r m i n e d  a g a i n s t  a g l u c o s e  s t a n d a r d  c u r v e .  s e e  A p p e n d i x ) .  
T a b l e  l 4  g i v e s  t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t .
From e x p e r i m e n t s  w i t h  s h o r t e r  DEAF c o l u m n s  (8 cm 
p r e s s e d  down t o  5 cm) i t  was f o u n d  t h a t  t h e r e  was c o n s i d e r ­
a b l e  s p i l l i n g  o v e r  o f  t h e  t o x i n ,  a n d  t h e  s e c o n d  w a s h i n g  
( I I I )  b r o u g h t  o u t  m o s t  o f  t h e  e x c e s s  t o x i n  n o t  h e l d  by t h e  
c o l u m n .  O t h e r  w a s h i n g s  ( IV and V) a l s o  had  s m a l l  q u a n t i t i e s  
o f  t o x i n .  F r a c t i o n s  2 and  3 w e r e  a l s o  s l i g h t l y  t o x i c ,  
b u t  f r a c t i o n  4  was  f o u n d  t o  c o n t a i n  m o s t  o f  t h e  t o x i n  h e l d  
by t h e  c o l u m n .  The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  g i v e n  i n  
T a b l e  15*
2 o E l u t i o n  w i t h  NaCl i n  T r i s  ( h y d r o x y m e t h y l )  a m i n o m e t h a n e  
b u f f e r
The a b s o r p t i o n  an d  e l u t i o n  e x p e r i m e n t s  w e r e  r e p e a t e d  
w i t h  a DEAE co l um n  u s i n g  0 . 0 2  M T r i s  b u f f e r ,  pH 8 . 0 ,  i n s t e a d  
o f  0 . 0 1 5  M p h o s p h a t e  b u f f e r . DEAE c o l u m n s ,  1 0 . 5  t o  1 1 . 5  cm 
c o m p r e s s e d  t o  5 . 5  t o  6 cm, w e r e  u s e d .  F r a c t i o n s  6 ,  7 and  
11 w e r e  f o u n d  t o  be t o x i c .  T h e r e  was  no s p i l l i n g  o v e r  o f  
t h e  t r o x i n  i n  t h e  w a s h i n g s .  T r i s  b u f f e r  seemed t o  h av e  no 
a d v a n t a g e  o v e r  t h e  p h o s p h a t e  b u f f e r ,  a l t h o u g h  t h e  t o x i n  
was  f o u n d  i n  f r a c t i o n s  6 and  7» F r a c t i o n  11 was a l s o  
t o x i c .  T h i s  l a t t e r  r e s u l t  c a n  n o t  be e x p l a i n e d .
C o l o r i m e t r i c  e s t i m a t i o n s  o f  t h e s e  f r a c t i o n s  r e v e a l e d
a c o m p o s i t i o n  s i m i l a r  t o  t h e  p h o s p h a t e  b u f f e r  f r a c t i o n s  
e x c e p t  t h a t  no c a r b o h y d r a t e s  w e r e  d e t e c t e d  i n  f r a c t i o n s  7
































PROTEIK, DNA, RNA AND CARBOHYDRATE ESTIMATIONS OF THE TOXIC FRACTIONS 
FROM BIG DEAE COLUMNS ELUTED WITH 1 M NaCl IN PHOSPHATE BUFFER
’ Toxic  
f r a c t i o n s  
t e s t e d
r
' P r o t e i n  '
' O.D. a t  *pg *
' 750 m^ ■ 
1 1
DNA
O.D. a t  
540 mji
1




’ C a rb o h y d ra te  ' 
' O.D. a t  ♦pg 
' 500 np.
1 t
3 .028 8 . 1 .001 .002 .011 12
4 .031 8 .7 5 .001 .001 .012 13
5 .030 8 .7 0 0 n e g l i ­
g i b l e
.014 16
6 .061 1 7 . 5 0 .001 .017 1 8 . 5
7 1 6 .2 5 .001 .002 .018 20








TOXICITY TFSTS WITH WASHINGS AND FRACTIONS FROM A SHORT 
DEAE COLUMN ELUTED WITH 1 M NaCl IN PHOSPHATE BUFFER
W a s h i n g s  and  
f r a c t i o n s  
t e s t e d
Q u a n t i t y  i n j e c t e d  
p e r  mouse 
i n  ml
Number o f  d e a d /  
, numb er  o f  m ic e  
i n j e c t e d
I  ( e l u a t e ) 0 . ^ 0 / 6
I I  ( w a s h i n g ) II 1 / 6
I I I  " II 6 / 6
IV " II 3 / 6
V " II 2 / 6
1 ( f r a c t i o n ) II 1 / 6
2 " II 2 / 6
3 II 3 / 6
k- ” II 6 / 6
5 II 1 / 6
6 " II 0 / 6
7 II 0 / 6
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an d  1 1 .  N e g l i g i b l e  q u a n t i t i e s  o f  RNA w e r e  f o u n d  i n  a l l  
t h e  f r a c t i o n s  a n d  no DNA c o u l d  be d e t e c t e d  i n  f r a c t i o n s  7 
and  1 1 ,
The r e s u l t s  o f  t o x i c i t y  t e s t s  and c h e m i c a l  e s t i m a ­
t i o n s  o f  t h i s  e x p e r i m e n t  a r e  t a b u l a t e d  i n  T a b l e  1 6 .
3o E l u t i o n  by pH g r a d i e n t
T h i s  e x p e r i m e n t  d i f f e r e d  f r o m  t h e  p r e v i o u s  one o n l y  
i n  t h e  g r a d i e n t  s y s t e m .  The e l u t i o n  was made by a c o n t i n u ­
ous  downward g r a d i e n t  o f  pH w i t h  0 . 0 9  M HCl i n  0 . 0 2  M T r l s  
b u f f e r  ( s e e  A p p e n d i x  f o r  c o m p o s i t i o n  o f  e l u t i n g  s o l u t i o n ) .  
W i t h  t h i s  e l u t i n g  s y s t e m  i t  was f o u n d  t h a t  a s u d d e n  d r o p  
t o  pH 2 , 9  o c c u r r e d  i n  f r a c t i o n  1 2 .  No t o x i c i t y  was  f o u n d  
i n  a n y  o f  t h e  f r a c t i o n s .  The s u d d e n  d r o p  i n  pH m i g h t  h av e  
r e s u l t e d  i n  p r e c i p i t a t i o n  o f  t h e  t o x i n  i n  t h e  co lu mn  o r  
c a u s e d  l o s s  o f  t o x i c i t y  due  t o  lo w  pH c o n d i t i o n s .  The
r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  1 7 .
HCl ( 0 . 0 9  M) i n  0 , 0 1 5  M p h o s p h a t e  b u f f e r  ( s e e  
A p p e n d i x )  was n e x t  t r i e d  f o r  e l u t i n g  t h e  t o x i n  f r o m  DEAE 
c o l u m n .  The r e s u l t s  w e r e  more e n c o u r a g i n g .  The t o x i n  was 
f o u n d  i n  f r a c t i o n s  10 a n d  1 1 ,  an d  no o t h e r  f r a c t i o n s  o r  
w a s h i n g s  showed t o x i c i t y .  The pH o f  f r a c t i o n  10 was 6 . 3  
a n d  t h a t  o f  f r a c t i o n  1 1 ,  4 , 6 .  T h e r e  was a s u d d e n  d r o p  o f  
pH t o  2 , 5  i n  f r a c t i o n  1 2 ,  and  t h i s  m i g h t  h a v e  c a u s e d  p r e ­
c i p i t a t i o n  o r  l o s s  o f  t o x i c i t y  o f  a n y  r e m a i n i n g  t o x i n .
The r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  l 8 .
T a b l e  19 shows  t h e  f i n d i n g s  o f  t h e  c h e m i c a l  a n a l y s i s












TOXICITY TESTS AND ESTIMATIONS OF PROTEIN, DNA, RNA AND CARBOHYDRATES OF 




















f r a c t i o n s
t e s t e d
Q u a n t i t y  
i n j e c t e d  
p e r  mouse 
i n  ml
No. o f  d e a d /  
no .  o f  mice 
i n j e c t e d
P r o t e i n  









h y d r a t e  
O.D. a t  
500 mu
I ( e l u a t e ) 0 . 5 0 /3 .0 3 9 .004 .0 0 1 0
I I (w ash ing) II 0 /3 .0 6 2 0 .021 0
I I I M II 0 / 3 .0 4 4 0 0 0
IV II It 0 /3 .0 1 9 0 0 0
V M II 0 / 3 .018 0 .001 .002
1 ( f r a c t i o n ) It 0 / 3 .0 0 4 .003 0 0
2 M II 0 / 3 .0 1 8 0 0 0
3 II n 0 / 3 .0 0 5 0 .0 0 2 0
4 tt II 0 /3 .0 2 9 .006 .003 0
5 II tt 0 /3 .018 0 0 0
6 II II 2 / 3 .024 .0 0 4 .0 0 6 .028
7 II It 3 /3 .034 0 .008 0
8 il It 1 /3 .062 .001 0 0
9 II it 0 /3 .058 .001 0 0
10 II It 0 / 3 .0 6 4 0 0 0
11 II It 2 / 3 .0 4 8 0 ,0 0 6 0
12 II It 0 /3 .036 0 0 0
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TABLE 1 7
pH ESTIMATIONS AND TOXICITY TESTS OF WASHINGS AND 
FRACTIONS OBTAINED WITH THIS BUFFER AND 
HCl THROUGH DEAF COLUMN
W a s h i n g s  and 
f r a c t i o n s  
t e s  t e d
pH o f  
w a s h i n g  & 
f r a c t i o n s
Q u a n t i t y  
i n j e c t e d  
p e r  mouse 
i n  ml
Number o f  d e a d 7  
numb er  o f  mic e  
i n j e c t e d
I ( e l u a t e ) 8 . 2 0 . 5 0 / 3
I I ( w a s h i n g ) 8.1+ M It
I I I tt 8 . 4 ^ It It
IV I! 8 . 3 It t l
V n 8 . 3 It t l
1 ( f r a c  t i o n ) 8 . 3 II II
2 n 8 . 3 f t tl
3 n 8 . 3 II II
4 n 8 . 2 5 It I t
5 n 8 , 1 5 It It
6 u 8 . 0 It II
7 n 7 . 7 5 II t l
8 11 7 . ^ 5 It t t
9 n 7 . 1 5 It t l
10 t l 6 . 9 5 t t II
11 f t 6 .8 0 It II
12 n 2 . 9 0 t t II
13 t! 2 , 1 5 II t t
14 11 2 . 0 It t l
15 11 1 . 9 II It
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TABLE 1 8
pH ESTIMATIONS AND TOXICITY TESTS OF WASHINGS AND 
FRACTIONS OBTAINED WITH PHOSPHATE BUFFER AND 
HCl THROUGH DEAE COLUMN
W a s h i n g s  and  
f r a c t i o n s  
t e s  t e d
pH o f  
w a s h i n g  & 
f r a c t i o n s
Q u a n t i t y  
i n j e c t e d  
p e r  mouse 
i n  ml
Number o f  d e a d /  
number  o f  mice  
i n j e c t e d
I ( e l u a t e ) 7 . 3 5 0 . 5 0 / 3
I I ( w a s h i n g ) 7 . 4 II II
I I I W 7 . 4 11 It
IV n 7 . 4 IT It
V t? 7 . 4 II ft
1 ( f r a c t i o n ) 7 . 4 II II
2 tl 7 4 It II
3 11 7 ^ 3 5 II I t
Tl 7 . 4 II 11
5 n 7 . 3 II II
6 tl 7 . 1 II II
7 11 6 . 9 II II
8 tl 6 . 7 I t II
9 rt 6 , 4 5 II II
1 0 IT 6 . 3 II 3 / 3
11 rt 4 . 6 II 3 / 3
12 t r 2 . 5 II 0 / 3
13 11 2 . 3 5 II IT
1 4 If 2 . 2 II I t
15 II 2 . 2 It Tt




























I  PROTEIN, DNA, RNA AND CARBOHYDRATE ESTIMATIONS IN THE TWO TOXIC FRACTIONS
|- OBTAINED BY pH CHANGE IN PHOSPHATE BUFFER THROUGH DEAE COLUMN
T oxic P r o t e i n  DNA RNA C a rb o h y d ra te
f r a c t i o n s OoD„ a t *pg O.D. a t  *^g O.D. a t  *jig O.D. a t
t e s t e d 750_ mu ..
10 .0 7 8 2 1 .9  .0 0 1 0 .0 1 7 1 8 . ^
11 . 18 -̂ ^ 1 .2 5  0 .0 0 4  2 .0 3 7 40
♦Amomts o f  m a t e r i a l s  a s  d e t e r m in e d  from s t a n d a r d  cu rv es
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o f  t o x i c  f r a c t i o n s  10 and  11 o b t a i n e d  by t h e  a b o v e  m e t h o d .
A. g r e a t e r  c o n c e n t r a t i o n  o f  p r o t e i n  was f o u n d  i n  t h e s e  two 
f r a c t i o n s  t h a n  i n  a n y  o f  t h e  f r a c t i o n s  o b t a i n e d  by e l u t i o n  
w i t h  N a C l .  F r a c t i o n s  10 an d  11 c o n t a i n e d  U-3.8 pig and  1 0 2 . 5  
pig o f  p r o t e i n  p e r  ml a n d  l 8 . 5  an d  ^ 0  jag p e r  ml o f  c a r b o h y ­
d r a t e .  DNA and  RNA w e r e  e i t h e r  a b s e n t  o r  p r e s e n t  i n  
n e g l i g i b l e  q u a n t i t i e s .
E f f e c t  o f  en zym es  t r y p s i n .  RNase and  DNase on t o x i c  
f r a c t i o n s
T o x i c  f r a c t i o n s  o b t a i n e d  f r o m  DEAE co l u m n  by e l u t i n g
w i t h  1 M NaCl i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  a t  pH 7»1 w er e
t r e a t e d  w i t h  t r y p s i n ,  RNase and  DNase ( s e e  M a t e r i a l s  and  
M e t h o d s )  an d  t h e n  t e s t e d  f o r  t h e i r  t o x i c i t y  i n  m i c e .  Two
g r o u p s  o f  c o n t r o l  m ic e  w e r e  i n c l u d e d  f o r  e a c h  e n z y m e .  Mice 
i n  t h e  f i r s t  g r o u p  r e c e i v e d  i n j e c t i o n s  o f  u n t r e a t e d  f r a c t i o n s
t o  n o t e  t h e i r  t o x i c i t y  and  mic e  i n  t h e  s e c o n d  g r o u p  r e c e i v e d
a n  a m o u n t  o f  t h e  enzyme e q u i v a l e n t  t o  t h e  a m oun t  g i v e n  t o  
t h e  e x p e r i m e n t a l  g r o u p  t o  r u l e  o u t  a n y  t o x i c  e f f e c t  o f  
t h e  e n z y m e s .  T o x i c  f r a c t i o n s  3 ,  5 and  6 w e r e  t e s t e d .
The r e s u l t s  ( shown i n  T a b l e  2 0 )  I n d i c a t e d  t h a t  t r y p s i n  
c o m p l e t e l y  d e s t r o y e d  t h e  t o x i c i t y  o f  t h e s e  f r a c t i o n s ,  
w h i l e  RNase an d  DNase d i d  n o t  a f f e c t  them a p p r e c i a b l y .
E x p e r i m e n t  I V . H i s t a m i n e  s e n s i t i v i t y  t e s t s  w i t h  p r o t o p l a s m  
a n d  w a s h i n g s  and  f r a c t i o n s  f ro m  DEAE c o l u m n s
F r a c t i o n s  w e r e  c o l l e c t e d  f r o m  5 mg o f  p r o t o p l a s m
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TABLE 2 0
TOXICITY TESTS WITH FRACTIONS TREATED WITH ENZYMES 
R N a s e ,  DNase AND TRYPSIN
M a t e r i a l  i n j e c t e d  Number o f  d e a d /
number  o f  m i c e  
____________________________________________________i n j e c t e d ______
F r .  3 ( 0 . ^ ml) o n l y 1 / 3
ri + t r y p s i n 0 / 3
ÎT + DNase 0 / 3
ft + RNase 0 / 3
F r .  h ( 0 . ^ ml) o n l y 2 / 3
t l + t r y p s i n 0 / 3
tt + DNase 2 / 3
t l + RNase 2 / 3
F r  o 5 ( 0 . ^ ml ) o n l y 3 / 3
II + t r y p s i n 0 / 3
ff DNase 2 / 3
t l + RNase 2 / 3
F t . 6 ( 0 . ^ ml ) o n l y 0 / 3
11 + t r y p s i n 0 / 3
If + DNase 0 / 3
VI + RNase 1 / 3
T r y p s i n  c o n t r o l 0 / 3
DNase c o n t r o l 0 / 3
RNase c o n t r o l 0 / 3
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by e l u t i n g  w i t h  1 M NaCl i n  0 .0 1 5  M p h o s p h a t e  b u f f e r  a t  
pH 7 . 1 .  A l l  t h e  s a m p l e s  w e r e  h e a t e d  a t  56° C f o r  15 
m i n u t e s  t o  d e s t r o y  t h e i r  t o x i c i t y  an d  w e r e  i n j e c t e d  i n t r a -  
p e r i t o n e a l l y  i n  0 . 5  ml a m o u n t s  i n t o  e a c h  m o u se .  P o u r  days 
l a t e r  e a c h  mouse was c h a l l e n g e d  i n t r a p e r i t o n e a l l y  w i t h  
0 . 5  mg o f  h i s t a m i n e  b a s e  and d e a t h s  o c c u r r i n g  w i t h i n  30 
m i n u t e s  a f t e r  c h a l l e n g e  w e r e  r e c o r d e d .  As a c o n t r o l  o f  
t h e  p r e s e n c e  o f  h i s t a m i n e  s e n s i t i z i n g  f a c t o r ,  g r o u p s  o f  
m i c e  w e r e  a l s o  g i v e n  100 )ig o f  h e a t  d e t o x i f i e d  p r o t o p l a s m .
The r e s u l t s  o f  t h r e e  e x p e r i m e n t s  w i t h  DEAE f r a c t i o n s  
and  two w i t h  ECTEOLA f r a c t i o n s  have  b e e n  co m b in ed  i n  
T a b l e  2 1 .  I t  w i l l  be  s e e n  t h a t  t h e  p r o t o p l a s m  had some 
h i s t a m i n e  s e n s i t i z i n g  f a c t o r  and  t h a t  m o s t  o f  t h e  DEAE 
f r a c t i o n s  w e r e  i n a c t i v e  e x c e p t ,  p e r h a p s ,  2 and  3 .  The 
r e s u l t s  w i t h  ECTEOLA f r a c t i o n s  w e r e  i n c o n c l u s i v e  a s  t h e  
p r o t o p l a s m  i t s e l f  d i d  n o t  p r o d u c e  h i s t a m i n e  s e n s i t i z a t i o n .  
The t o x i c  DEAE f r a c t i o n s  4-, 5 and 6 d i d  n o t  seem t o  h a v e  
a n y  h i s t a m i n e  s e n s i t i z i n g  f a c t o r .
E x p e r i m e n t  V . F r a c t i o n a t i o n  o f  p r o t o p l a s m  by b a t c h i n g  
p r o c e d u r e
A l a r g e  c e l l u l o s e  co l umn  was p r e p a r e d  i n  a 10 cm 
g l a s s  f u n n e l  o v e r  a pad  o f  g l a s s  w o o l  w i t h  DEAE. T w e n ty -  
f i v e  o r  50 m i l l i g r a m s  o f  p r o t o p l a s m  w e r e  d i s s o l v e d  i n  50 ml 
o r  1 0 0  ml o f  0 . 0 1 5  M p h o s p h a t e  b u f f e r ,  pH 7 . 1 ,  and  a b s o r b e d  
on  t o  t h e  c o l u m n .  The e l u a t e  was  c o l l e c t e d  by p l a c i n g
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TABLE 2 1
HISTAMINE SENSITIVITY TESTS WITH PROTOPLASM AND WASHINGS 
AND FRACTIONS OBTAINED FROM ECTEOLA AND DEAE COLUMNS*
W a s h i n g s  and  
f r a c t i o n s  
t e s t e d
Q u a n t i t y  
i n j e c t e d  
p e r  mouse 
i n  ml
ECTEOLA f r a c t i o n s DEAE f r a c t i o n s
number  o f  d e a d /  
number  o f  mice  
i n j e c t e d
number  o f  d e a d 7 
number  o f  mice  
i n j e c t e d
P r o t o p l a s m 0 . 5 ( 1 0 0 u g ) 1 / 3 5 / 9
I  ( e l u a t e ) 0 . ^ 2 / 9
I I  ( w a s h i n g ) II 1 / 6 0 / 9
I I I  " I t 0 / 6 1 / 9
IV " M 0 / 6 2 / 9
V " I t 1 / 6 0 / 9
VI " I t 0 / 6
1 ( f r a c t i o n ) 11 2 / 6 2 / 9
2 " II 0 / 6 3 / 9
3 II 0 / 6 4 / 9
h  " II 0 / 6 0 / 9
5 II 1 / 6 1 / 9
6 " II 0 / 6 1 / 9
7  " II 0 / 6 1 / 9
8 II 1 / 6
9 I t — 1 / 6
10 11 — 2 / 6
♦Normal  m ic e  w i t h o u t  a n y  s e n s i t i z a t i o n  when c h a l l e n g e d  
w i t h  Do 5 mg h i s t a m i n e  b a s e  may show a d e a t h  r a t e  b e t w e e n  
0 an d  20^0
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t h e  f u n n e l  w i t h  t h e  c e l l u l o s e  co l u m n  o v e r  an E r l e n m e y e r  
f l a s k .  I t  was t h e n  w as h e d  w i t h  0 . 0 1 5  M p h o s p h a t e  b u f f e r ,  
pH 7 . 1 ,  ( f o r  e a c h  w a s h i n g ,  t w i c e  t h e  vo lu m e o f  b u f f e r  u s e d  
f o r  d i s s o l v i n g  t h e  p r o t o p l a s m ,  was e m p l o y e d )  an d  t h e  w a s h i n g  
was c o l l e c t e d .
I n  t h e  f i r s t  e x p e r i m e n t  t h r e e  e l u t i o n s  w er e  d o n e , 
t h e  f i r s t  w i t h  0 . 0 ^ 5  M N a C l ,  t h e  s e c o n d  w i t h  0 . 2 5  M NaCl 
an d  t h e  t h i r d  w i t h  1 M NaCl i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  
pH 7 . 1 .  The vo lu me  o f  e l u t i n g  s o l u t i o n  was t w i c e  t h e  vo lume 
o f  t h e  p r o t o p l a s m  s o l u t i o n  i n  a l l  c a s e s .  ks  c a n  be s e e n  
i n  T a b l e  22 some t o x i n  was f o u n d  i n  t h e  f i r s t  and s e c o n d  
e l u t i o n  ( I I I  and  T ) . I n  t h e  s u b s e q u e n t  e x p e r i m e n t  t h e  
f i r s t  e l u t i o n  was d o n e  w i t h  a r e d u c e d  c o n c e n t r a t i o n  o f  NaCl 
(0 . 0 3  M) an d  i t  was f o u n d  t h a t  t h e  t o x i n  was  f u l l y  l o c a l i z e d  
i n  t h e  s e c o n d  f r a c t i o n  ( T ) .  T w o - t e n t h s  ml o f  f r a c t i o n  T 
was l e t h a l  f o r  a l l  o f  t h e  m ic e  l i s t e d  ( T a b l e  2 3 ) .
S p e c t r o p h o t o m e t r i e  r e a d i n g s  o f  f r a c t i o n  T b e t w e e n  
220  mp. a n d  300 mp ( T a b l e  2̂ + and  F i g u r e  V I )  showed a p e a k  
a t  270  nya a s  f o u n d  i n  o t h e r  t o x i c  f r a c t i o n s  i n  p r e v i o u s  
e x p e r i m e n t s .
The d i f f e r e n c e s  i n  enzyme s u s c e p t i b i l i t y  o f  f r a c t i o n  
T w e r e  s h a r p l y  d e f i n e d  ( T a b l e  2 5 ) .  I t  was f o u n d  t h a t  
t r y p s i n  d e s t r o y e d  t h e  t o x i n ,  w h e r e a s  DNase and  RNase had 
no  e f f e c t  on i t s  t o x i c  a c t i v i t y .
The r e s u l t s  o f  t h e  c h e m i c a l  a n a l y s i s  o f  f r a c t i o n  T 
( T a b l e  2 6 )  a r e  s i m i l a r  t o  t h o s e  p r e v i o u s l y  o b t a i n e d  w i t h
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TABLE 22
TOXICITY TESTS WITH WASHINGS AND FRACTIONS OBTAINED 
FROM DEAE COLUMN BY BATCHING PROCEDURE
W a s h i n g s  and  
f r a c t i o n s  
t e s t e d
Q u a n t i t y  i n j e c t e d  
p e r  mouse 
i n  ml
Number o f  d e a d /  
number  o f  mic e  
i n j e c t e d
I  ( e l u a t e ) 0 . 5 0 / 5
I I  ( w a s h i n g ) n 0 / 5
I I I  ( M NaCl ) t l 3 / 5
T ( . 2 5  M NaCl ) I t 5 / 5
V (1 M NaCl) 11 1 / 5
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TABLE 23
TOXICITY TESTS WITH WASHINGS AND FRACTIONS OBTAINED 
FROM DEAE COLUMN BY BATCHING PROCEDURE
W a s h i n g s  and  
f r a c t i o n s  
t e s t e d
Q u a n t i t y  i n j e c t e d  
p e r  mouse 
i n  ml
Number o f  d e a d /  
number  o f  mice  
i n j e c t e d
I  ( e l u a t e ) 0 . ^ 0 / ^
I I  ( w a s h i n g ) II 0 / 5
I I I  (O.O3 M NaCl) ri 0 / 5
T (Oo25 M NaCl) tl V 5
T " 0 . 2 ^ / ^
0 . 1 0 / 5
T " 0 . 0 ^ 0 / 5
T " 0 . 0 2 0 / 5
V (1 M NaCl) 0 . 5 0 / 5




OF TOXIC FRACTION T OBTAINED BY BATCHING PROCEDURE
FROM DEAE COLUMN
O p t i c a l  d e n s i t y  
a t  wave l e n g t h
Samn le
T
220 .9 8 0
2 2 5 . 7 6 5
230 .5 3 0
2 3 ^ .3 1 2
2^0 .1 8 8
2M-5 . 1 6 2
250 .1 5 2
2 5 5 .15 3
260 ,1 6 8
2 6 5 .1 6 8
270 .1 7 2
2 7 5 . 166
280 . 1 5 8
2 8 5 .1 ^3
2 9 0 .1 2 1
3 0 0 .07  V
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F tê lB l
tf»
«r r«« /A» »**■■
F i g u r e  V I .  A b s o r p t i o n  c u r v e  o f  t o x i c  f r a c t i o n  T 
o b t a i n e d  by b a t c h i n g  p r o c e d u r e
F r f r a c t i o n
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TABLE 2 5
TOXICITY TESTS WITH FRACTION T TREATED WITH 
TRYPSIN, RNase AND DNase
Sam p le Q u a n t i t y  i n j e c t e d  
p e r  mouse 
i n  ml
Number o f  d e a d /  
number  o f  mice  
i n j e c t e d
T 0 . 5 V 5
T + t r y p s i n II 0 / 5
T r y p s i n  c o n t r o l II 0 / 5
T + DNase It V 5
DNase c o n t r o l It 0 / 5
T + RNase It 5 /5
RNase c o n t r o l It 0 / 5
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TABLE 2 6
CHEMICAL ANALYSIS OF TOXIC FRACTION T BY 
COLORIMETRIC METHODS
Sam ple P r o t e i n - 0 . D . DNA-O.D. RNA-O.D. C a r b o . - O . D .
a t  750 mji a t  5^0 mpi a t  660 a t  500 mp.
T 0 . 1 2 1 0 . 0 0 1  0 . 0 0 8 0 . 0 1 1
( 3 ^ . 3  ; i g ) p g ) (12  / i g )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
67
o t h e r  t o x i c  f r a c t i o n s .  P r o t e i n  was f o u n d  t o  be t h e  ma in  
c o n s t i t u e n t  ( a b o u t  6 8 . 6  j a g / m l ) ,  DNA was n o t  d e t e c t e d  and 
o n l y  n e g l i g i b l e  q u a n t i t i e s  o f  RNA ( a b o u t  h p g / m l )  w er e  
f o u n d .  Twelve  m i c r o g r a m s  o f  c a r b o h y d r a t e  p e r  ml o f  f r a c ­
t i o n  T w e r e  f o u n d .
An e f f o r t  was made t o  p r e c i p i t a t e  t h e  t o x i n  f rom 
f r a c t i o n  T by l o w e r i n g  t h e  pH t o  ^ . 0  w i t h  2% a c e t i c  a c i d .  
F rom 100 ml o f  f r a c t i o n  T ( o b t a i n e d  by e l u t i n g  t h e  t o x i n  
f r o m  25 mg o f  p r o t o p l a s m )  a b o u t  1 mg o f  p r e c i p i t a t e  was 
o b t a i n e d ,  b u t  t h i s  p r e c i p i t a t e  was n o n - t o x i c .
The e f f e c t s  o f  d i a l y z i n g  f r a c t i o n  T f o r  d i f f e r e n t  
p e r i o d s  o f  t i m e  w e r e  s t u d i e d .  A bout  50 ml o f  t h i s  f r a c t i o n  
( o b t a i n e d  by e l u t i n g  t h e  t o x i n  f ro m  1 2 . 5  mg o f  p r o t o p l a s m )  
was d i a l y z e d  a g a i n s t  t h r e e  c h a n g e s  o f  U- l i t e r s  e a c h  o f  
d i s t i l l e d  w a t e r  f o r  l 8  h o u r s  i n  t h e  c o l d .  A f t e r  d i a l y s i s  
i t  was l y o p h i l i z e d o  The d r i e d  m a t e r i a l  was f o u n d  t o  w e i g h  
1 . 5  mg. T h i s  s a m p l e  was t a k e n  up  i n  15 ml o f  d i s t i l l e d  
w a t e r  an d  t e s t e d  f o r  t o x i c i t y .  Some t o x i c i t y  was s t i l l  
f o u n d  ( T a b l e  2 7 ) .
I n  a s e c o n d  e x p e r i m e n t  100 ml o f  t h e  f r a c t i o n  T, 
o b t a i n e d  by e l u t i n g  t h e  t o x i n  f r o m  25  mg o f  p r o t o p l a s m ,  
w e r e  d i a l y z e d  a s  b e f o r e  a g a i n s t  f o u r  c h a n g e s  o f  V l i t e r s  
e a c h  o f  d i s t i l l e d  w a t e r  b u t  f o r  2h  h o u r s .  The d i a l y z e d  
m a t e r i a l  when t e s t e d  was f o u n d  t o  be t o x i c  ( T a b l e  2 7 ) .
T h i s  was  t h e n  l y o p h i l i z e d .  A t o t a l  o f  5 mg o f  d r i e d  m a t ­
e r i a l  was  o b t a i n e d .  I t  was d i s s o l v e d  i n  20 ml o f  d i s t i l l e d











ÎFFECTS OF DIFFERENT PERIODS OF DIALYSIS ON TOXICITY OF FRACTION T AND 




















Sample Q u a n t i t y Number o f  d e a d / P r o t e i n  i n DNA i n RNA i n C a r b o . i n
i n j e c t e d number o f  mice 125 Jig 375 Jig 250 Jig 250 Jig
p e r  mouse i n j e c t e d 500 mu 540 mu 660 mu 500 nai
Tl 0.2  ml 5 / 5 — mm
Ï 2 50 )ig 2 / 5 - - - -
T: 0 .5  ml 3 / 5 — — - —
0 .5  ml ^-/5 - mm —
T5 125 Jig V 5 . 067 0 .004 .0 0 5
50 Jig 
25 Jig 
12 .5  Jig 
5 Jig 
2 . 5







T^ and T^ “ t o x i c  f r a c t i o n  e l u t e d  t y  0 . 2 5  M NaCl,  25 mg o f  p r o t o p l a s m  e l u t e d  
w i t h  100 ml .
-  Ti d i a l y z e d  f o r  18 h o u r s  and l y o p h i l i z e d ,  1 . 5  mg o f  d r i e d  m a t e r i a l  
o b t a i n e d  f rom 50 ml o f  T]_, d i s s o l v e d  i n  15 ml o f  w a t e r .
-  T^ d i a l y z e d  f o r  2k  h o u r s  b e f o r e  l y o p h i l i z i n g .
-  To d i a l y z e d  f o r  2k  h o u r s  and l y o p h i l i z e d ,  5 mg o f  d r i e d  m a t e r i a l ,  
o b t a i n e d  f rom 100 ml o f  To,  d i s s o l v e d  i n  20 ml o f  w a t e r .  D i l u t i o n s  
made w i t h  w a t e r  f o r  i n j e c t i o n  o f  lo w er  d o s e s .
O'00
69
w a t e r  and  t e s t e d  a t  v a r i o u s  d i l u t i o n s  f o r  t o x i c i t y  ( T a b l e  
2 7 ) .  T w e n t y - f i v e  )ig  o f  t h i s  l y o p h i l i z e d  m a t e r i a l  k i l l e d  1 
o f  5 m ic e  i n j e c t e d ,  50 k i l l e d  2 o f  5 and  125  p g  k i l l e d  
9 o f  5 m ic e  i n j e c t e d .
The s p e c t r o p h o t o m e t r i e  r e a d i n g s  o f  t h e  d i a l y z e d  
d r i e d  m a t e r i a l  a t  a c o n c e n t r a t i o n  o f  250  pig p e r  ml gave  
t h e  f o l l o w i n g  r e s u l t s ;
wave l e n g t h  i n  mpi o p t i c a l  d e n s i t y
260  0 . 21+6
270  0 .2 52
280 0 .21+3
A c c o r d i n g  t o  W a rb u r g  and C h r i s t i a n ' s  f o r m u l a  ('5^+) 
t h i s  s a m p l e  had 192 pig o f  p r o t e i n  p e r  m l .  T h a t  i s ,  250 pig 
o f  t h e  d r i e d  m a t e r i a l  had  192  pig o f  p r o t e i n .
The c h e m i c a l  a n a l y s i s  o f  t h e  same m a t e r i a l  showed 
no DNA e v e n  when t e s t e d  a t  a c o n c e n t r a t i o n  o f  375  p i g / m l .
The RNA a n d  c a r b o h y d r a t e  c o n t e n t s  w e r e  f o u n d  t o  be n e g l i ­
g i b l e  (2  pig and 6 pig) i n  250  pig o f  t h e  l y o p h i l i z e d  m a t e r i a l  
P r o t e i n  was t h e  o n l y  c o n s t i t u e n t  p r e s e n t  i n  a f a i r l y  l a r g e  
p r o p o r t i o n .  I t  i s  q u i t e  p o s s i b l e  t h a t  t h e  w e i g h t  o f  t h e  
m a t e r i a l  u n a c c o u n t e d  f o r  i n  250  pig o f  t h e  d r i e d  m a t e r i a l  
c o n s i s t e d  o f  r e s i d u a l  b u f f e r  w h i c h  was n o t  c o m p l e t e l y  
e l i m i n a t e d  by d i a l y s i s .
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V. DISCUSSION AND CONCLUSION
The h e a t  l a b i l e  t o x i n  o f  B o r d e t e l l a  p e r t u s s i s  was 
d i s c o v e r e d  by B o r d e t  and  Gengou ( 7 )  a b o u t  h a l f  a c e n t u r y  
a g o .  The p o s s i b l e  r o l e  o f  t h i s  t o x i n  i n  t h e  p a t h o l o g y  o f  
w h o o p i n g  c o u g h  ( 7 , 8 ) a s  w e l l  a s  i t s  e f f e c t s  on r a b b i t s ,  
g u i n e a  p i g s  ( 7 ,  3 5 ) ,  c h i c k  e m b ry o s  (3 2 ) a n d  monkeys  ( 33 )  
h a v e  b e e n  n o t e d  by p r e v i o u s  w o r k e r s . The t o x i n  may a l s o  
be r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  l o c a l  and  s y s t e m i c  
r e a c t i o n s  o b s e r v e d  i n  c h i l d r e n  v a c c i n a t e d  a g a i n s t  w h o o p in g  
c o u g h .
The t o x i n  i s  e a s i l y  d e s t r o y e d  by h e a t  ( 7 ,  1 3 ,  1 ^ ) ,  
c h l o r o f o r m ,  a l c o h o l ,  p h e n o l ,  f o r m a l i n  an d  o t h e r  c h e m i c a l s  
( 7 ,  3 6 , 37)0  I t  i s  a l s o  d e s t r o y e d  by f i l t e r i n g  t h r o u g h  
C h a m b e r l a n d  f i l t e r s  ( 7 )  o r  o t h e r  f i l t e r s  ( 9 ,  10)  and e v e n  
when a l l o w e d  t o  s t a n d  i n  s o l u t i o n  f o r  s h o r t  p e r i o d s  o f  
t i m e  ( 7 ) o  T h i s  e x t r e m e  l a b i l i t y  o f  t h e  t o x i n  may be due 
t o  o x i d a t i o n  ( 6 2 ) a l t h o u g h  t h i s  h a s  n o t  b e e n  d e f i n i t e l y  
e s t a b l i s h e d .  T h i s  i n s t a b i l i t y  o f  t h e  t o x i n  h a s  b e e n  a 
g r e a t  o b s t a c l e  i n  t h e  p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  
t h e  t o x i n .
S e v e r a l  w o r k e r s  h av e  a t t e m p t e d  t o  p u r i f y  t h e  h e a t  
l a b i l e  t o x i n .  Some ha ve  t r i e d  t o  s e p a r a t e  t h e  b a c t e r i a l  
a n t i g e n s  by a n t i s e r a  ( 2 6 , 1 3 ) ,  b u t  t h i s  i s  n o t  l i k e l y  t o  
p r o d u c e  c o m p l e t e  p u r i f i c a t i o n  a s  t h e  s e r u m  a d d s  f u r t h e r  
i m p u r i t i e s  i n  t h e  f o r m  o f  n o n - s p e c i f i c  p r o t e i n s .  O t h e r s
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( 2 5 ,  3 8 ) h a v e  t r i e d  t o  s e p a r a t e  t h e  t o x i n  by f r a c t i o n a l  
p r e c i p i t a t i o n  a t  d i f f e r e n t  h y d r o g e n  i o n  c o n c e n t r a t i o n s ,  b u t  
t h e  p r e p a r a t i o n s  o b t a i n e d  h av e  a l w a y s  b e e n  c o n t a m i n a t e d  w i t h  
o t h e r  c e l l u l a r  a n t i g e n s .  O t h e r  m e t h o d s  o f  p u r i f i c a t i o n  
h a v e  a l s o  b e e n  e m p l o y e d  ( 3 0 ) ,  l i k e  m e t h a n o l  p r e c i p i t a t i o n  
i n  t h e  c o l d ,  w i t h  some d e g r e e  o f  s u c c e s s .  S i n c e  i t  i s  
known t h a t  t h e  t o x i n  i s  d e s t r o y e d  by many common c h e m i c a l s  
( 7 ,  3 6 ,  37 )  i n c l u d i n g  m e t h a n o l  ( 6 2 ) ,  t h e  a b o v e  metho d  i s  
u n l i k e l y  t o  be t h e  me th od  o f  c h o i c e  f o r  t h e  p u r i f i c a t i o n  
o f  t h e  t o x i n .  M i l d e r  m e t h o d s  o f  p u r i f i c a t i o n  s h o u l d  p r o v e  
t o  be more s u c c e s s f u l .
I o n  e x c h a n g e  r e s i n s  w e r e  f i r s t  s y n t h e s i z e d  by  Adams 
a nd  Holmes (55 )  i n  1 9 3 5 ,  b u t  i n t e r e s t  i n  t h e i r  u s e  i n  b i o ­
c h e m i c a l  w ork  came some y e a r s  l a t e r  when t h e y  w e r e  em p lo y e d  
i n  t h e  p u r i f i c a t i o n  o f  p e n i c i l l i n  ( 5 6 )  an d  s t r e p t o m y c i n  
( 5 7 ) .  The r e s i n s  w e r e  a l s o  u s e d  t o  i s o l a t e  amino a c i d s  
f r o m  p r o t e i n  h y d r o l y s a t e s  ( 5 8 ) ,  t o  s e p a r a t e  r i b o s e  mono­
n u c l e o t i d e s  (59)  and  t o  p u r i f y  i n f l u e n a  v i r u s  f ro m  t h r o a t  
s a m p l e s  ( 6 0 ) .  The u s e f u l n e s s  o f  t h e s e  r e s i n s  l e d  t o  t h e  
d e v e l o p m e n t  o f  h i g h l y  s e l e c t i v e  i o n  e x c h a n g e  c e l l u l o s e s  
by S o b e r  and  P e t e r s o n  (M-2) and  P e t e r s o n  and  S o b e r  ( ^ 3 )  °
T h e s e  i o n  e x c h a n g e r s  a r e  e f f e c t i v e  t o o l s  f o r  t h e  s e p a r a t i o n  
o f  p r o t e i n s  a n d  n u c l e i c  a c i d s .  T h e s e  t e c h n i c s  h a v e  p r o v i d e d  
a m e t h o d  o f  f r a c t i o n a t i n g  and e f f e c t i v e l y  p u r i f y i n g  a
v a r i e t y  o f  p r o t e i n s  an d  n u d e  o p r  o t e  i n s  f r o m  a n i m a l ,  p l a n t  
a n d  m i c r o b i o l o g i c a l  s o u r c e s  ( 6 1 ) .
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S i n c e  t h e  h e a t  l a b i l e  t o x i n  o f  B. p e r t u s s i s  h a s  b e e n  
t h o u g h t  t o  be e i t h e r  a p r o t e i n  ( 2 5 )  o r  a n u c l e o p r o t e i n  
( 3 9 1 ^ 0 ) ?  i t  was d e c i d e d  t o  u s e  t h e  m e th od  o f  i o n  e x c h a n g e  
c h r o m a t o g r a p h y  w i t h  two t y p e s  o f  c e l l u l o s e  co l u m n s  f o r  t h e  
s e p a r a t i o n  and  p u r i f i c a t i o n  o f  t h e  t o x i n .  The two c e l l u ­
l o s e  c o l u m n s  u s e d  w e r e  made w i t h  e i t h e r  DFAE c e l l u l o s e  w h i c h  
i s  s u i t a b l e  f o r  c h r o m a t o g r a p h y  o f  p r o t e i n s ,  o r  ECTEOLA 
c e l l u l o s e ,  w h i c h  h a s  b e e n  f o u n d  u s e f u l  i n  t h e  s e p a r a t i o n  o f  
n u c l e i c  a c i d s .
To s a f e g u a r d  a g a i n s t  t h e  d e s t r u c t i o n  o f  t h e  t o x i n  
due  t o  h e a t ,  t h e  f r a c t i o n a t i o n  p r o c e d u r e  was a l w a y s  c o n ­
d u c t e d  i n  t h e  c o l d .  The u s e  o f  a n y  d e s t r u c t i v e  c h e m i c a l s  
was a l s o  a v o i d e d  by u s i n g  e i t h e r  an  i n c r e a s i n g  g r a d i e n t  o f  
NaCl c o n c e n t r a t i o n  o r  a d e c r e a s i n g  pH g r a d i e n t  a s  t h e  o n l y  
m e t h o d s  o f  e l u t i o n .
The r e s u l t s  o b t a i n e d  w e r e  i n t e r e s t i n g  and  e n c o u r a g i n g .  
ECTEOLA c e l l u l o s e  was f o u n d  t o  a b s o r b  v e r y  l i t t l e  o f  t h e  
t o x i n ,  s i n c e  m o s t  o f  t h e  a d d e d  t o x i n  was n o t  a b s o r b e d  and  
was d e t e c t e d  i n  t h e  b u f f e r  w a s h i n g s .  The r e s t  o f  t h e  t o x i n  
was e l u t e d  s t a r t i n g  i n  t h e  f i r s t  f r a c t i o n  and c o n t i n u i n g  
u n t i l  t h e  s i x t h  f r a c t i o n .  When t h e  same amount  o f  p r o t o ­
p l a s m  ( 5  mg) was a b s o r b e d  on a b i g g e r  ECTEOLA c o l um n  i t  
was  s t i l l  f o u n d  t h a t  m o s t  o f  t h e  t o x i n  d i d  n o t  a b s o r b  t o  
t h e  c o l u m n .  The i n e f f i c i e n t  a b s o r p t i o n  o f  t h e  t o x i n  on 
ECTEOLA c e l l u l o s e  i n d i c a t e d  t h a t  t h e  t o x i n  i s  u n l i k e l y  t o  
be a n u c l e i c  a c i d  a s  ECTEOLA c e l l u l o s e  h a s  b e e n  f o u n d  t o
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be s u i t a b l e  f o r  c h r o m a t o g r a p h y  o f  n u c l e i c  a c i d s .
The r e s u l t s  o b t a i n e d  w i t h  DEAE c e l l u l o s e  i n d i c a t e d  
t h a t  t h i s  m a t e r i a l  i s  s u i t a b l e  f o r  t h e  c h r o m a t o g r a p h y  o f  
t h e  h e a t  l a b i l e  t o x i n .  When 5 mg q u a n t i t i e s  o f  p r o t o p l a s m  
w e r e  a d d e d  t o  DEAE c o l u m n s  ( 1 0 . 5 - 1 1 . 5  cm p r e s s e d  down t o  
5 o 5 - 6  c m ) ,  t h e  t o x i n  was f i r m l y  a t t a c h e d  t o  t h e  c o l u m n .
Mos t  o f  t h e  t o x i n  was  e l u t e d  f r o m  DEAE w i t h  a NaCl g r a d i e n t  
i n  p h o s p h a t e  b u f f e r  i n  f r a c t i o n s  4-, 5 and  6 .  The b e s t  
c o n d i t i o n s  o f  e l u t i o n  w e r e  f o u n d  t o  be t h a t  o f  a c o n t i n u o u s  
g r a d i e n t  o f  NaCl  i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  a t  pH 7 . 1 .  
E l u t i o n  w i t h  T r i s  b u f f e r  o r  w i t h  a pH g r a d i e n t  d i d  n o t  
p r o d u c e  a s  s a t i s f a c t o r y  r e s u l t s  a s  t h o s e  f ro m  NaCl g r a d i e n t  
e x p e r i m e n t .  I t  i s  p o s s i b l e ,  h o w e v e r ,  t h a t  t h e  pH g r a d i e n t  
u n d e r  s l i g h t l y  d i f f e r e n t  c o n d i t i o n s  t h a n  t h o s e  u s e d  i n  t h e  
p r e s e n t  e x p e r i m e n t s  m i g h t  a l s o  p r o v e  t o  be s a t i s f a c t o r y .
S p e c t r o p h o t o m e t r i e  r e a d i n g s  o f  t h e  p r o t o p l a s m  i t s e l f  
showed  a p e a k  a t  260  o r  265  m^. The c a l c u l a t i o n  o f  p r o t e i n  
and  n u c l e i c  a c i d  c o n t e n t s  by Wa rb ur g  and C h r i s t i a n ' s  f o r m u l a  
f ro m  s p e c t r o p h o t o m e t r i e  r e a d i n g s  o b t a i n e d  w i t h  p r o t o p l a s m  
p r e p a r a t i o n s  showed t h e  p r e s e n c e  o f  a b o u t  60$  p r o t e i n  and 
10$  n u c l e i c  a c i d . The f a i r l y  h i g h  p r o p o r t i o n  o f  n u c l e i c  
a c i d  c o n t e n t  p r o b a b l y  o v e r s h a d o w e d  t h e  p r o t e i n  p e a k  a s  i t  
i s  known t h a t  e v e n  t h e  p r e s e n c e  o f  5$ n u c l e i c  a c i d  i n  a 
p r o t e i n  n u c l e i c  a c i d  m i x t u r e  c a u s e s  a c o n s i d e r a b l e  s h i f t  
i n  t h e  a b s o r p t i o n  p e a k .  The t o x i c  f r a c t i o n s  o b t a i n e d  showed 
p e a k s  somewhere  b e t w e e n  270 and 280  m^. One t o x i c  f r a c t i o n ,
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p r o b a b l y  r e p r e s e n t i n g  t h e  m o s t  p u r i f i e d  f r a c t i o n  ( f r a c t i o n  ^  
o b t a i n e d  f r o m  a DFAF c o l u m n  by e l u t i o n  w i t h  NaCl i n  p h o s ­
p h a t e  b u f f e r ) ,  g av e  a n  a b s o r p t i o n  p e a k  a t  280 mja i n d i c a t i n g  
t h a t  t h e  t o x i n  i s  p r o b a b l y  p r o t e i n  i n  n a t u r e .
C o l o r i m e t r i c  e s t i m a t i o n s  o f  p r o t e i n ,  DNA, RNA and  
c a r b o h y d r a t e s  s u p p o r t e d  t h e  f i n d i n g s  f ro m  s p e c t r o p h o t o -  
m e t r i e  r e a d i n g s .  B u t  due  t o  t h e  l o w  c o n t e n t  o f  n u c l e i c  
a c i d s  and  c a r b o h y d r a t e s  i n  t h e  f r a c t i o n s  t h e  r e a d i n g s  wer e  
m o s t l y  i n  t h e  i n s e n s i t i v e  z o n e s  o f  s u c h  e s t i m a t i o n s .  The 
o p t i m a l  r a n g e  f o r  good  c o l o r  p r o d u c t i o n  i n  t h e  c a s e  o f  DNA 
i s  5 0 - 5 0 0  ;jig, f o r  RNA i t  i s  b e t w e e n  1 0 - 1 0 0  pig. Two h u n d r e d  
pig o f  t h e  p r o t o p l a s m  c o n t a i n e d  a b o u t  124  pig o f  p r o t e i n  and  
23 pig o f  c a r b o h y d r a t e s  a s  e s t i m a t e d  f r o m  s t a n d a r d  c u r v e s  
w i t h  e g g  a l b u m i n  an d  g l u c o s e  r e s p e c t i v e l y .  Nine  pig o f  RNA 
was p r e s e n t  i n  200  pig o f  p r o t o p l a s m  and t h e  DNA c o n t e n t  was 
b e l o w  t h e  s e n s i t i v e  z o n e  o f  t h e  t e s t .  By t h e s e  m e t h o d s  
a b o u t  160  pig o f  m a t e r i a l  c o u l d  be a c c o u n t e d  f o r  i n  200 pig 
o f  p r o t o p l a s m .  The r e s t  p o s s i b l y  c o n s i s t e d  o f  s a l t s  and  
o t h e r  m a t e r i a l s .  The t o x i c  f r a c t i o n s  c o n t a i n e d  p r o t e i n  i n  
a p p r e c i a b l e  a m o u n t s  i n  a l l  c a s e s ,  an d  RNA and DNA w er e  
e i t h e r  p r e s e n t  i n  n e g l i g i b l e  q u a n t i t i e s  o r  e n t i r e l y  a b s e n t .  
Much o f  t h e  c a r b o h y d r a t e  p r e s e n t  i n  t h e  p r o t o p l a s m  was a l s o  
re m o v e d  f r o m  t h e  t o x i c  f r a c t i o n s  d u r i n g  f r a c t i o n a t i o n .
The m o s t  c o n v i n c i n g  e v i d e n c e  a s  t o  t h e  n a t u r e  o f  
t h e  t o x i n  was o b t a i n e d  by means o f  t r e a t m e n t  o f  p r o t o p l a s m  
o r  t h e  f r a c t i o n s  w i t h  t r y p s i n ,  DNase an d  R N a se .  The
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t o x i c i t y  o f  e i t h e r  t h e  p r o t o p l a s m  o r  t h e  f r a c t i o n s  was 
d e s t r o y e d  by t r y p s i n  b u t  n o t  by DNase and  RNaseo The r e -  
s u i t s  s t r o n g l y  i n d i c a t e  t h a t  t h e  h e a t  l a b i l e  t o x i n  o f  B. 
p e r t u s s i s  i s  p r o t e i n  i n  n a t u r e .
E f f o r t s  a t  f u r t h e r  p u r i f i c a t i o n  and  c h a r a c t e r i z a t i o n  
o f  t h i s  t o x i n  w e r e  made ,  b u t  f a i l u r e  t o  o b t a i n  t h e  t o x i n  i n  
s u f f i c i e n t  a m o u n t s  p r e v e n t e d  much p r o g r e s s  i n  t h i s  d i r e c t i o n .  
V a r i o u s  s t e p s  r e q u i r e d  i n  t h e  s e p a r a t i o n  o f  t h e  t o x i n  i n  
g r e a t e r  a m o u n t s  l i k e  d i a l y s i s  and  l y o p h i l i z a t i o n  w e r e  f o u n d  
t o  g r e a t l y  r e d u c e  t h e  t o x i c i t y  o f  t h e  t o x i n .  From some o f  
t h e s e  e x p e r i m e n t s  i t  was p o s s i b l e ,  h o w e v e r ,  t o  e s t i m a t e  
r o u g h l y  t h e  t o x i c i t y  o f  t h e  t o x i n  on a w e i g h t  b a s i s .  The 
t o x i c  f r a c t i o n  T o b t a i n e d  f r o m  25 mg o f  p r o t o p l a s m  by t h e
b a t c h  p r o c e d u r e  c o n t a i n e d  5 mg o f  d r i e d  m a t e r i a l  a f t e r
d i a l y s i s . C a l c u l a t i o n s  f r o m  t h e  s p e c t r o p h o t o m e t r i e  r e a d i n g s  
o f  t h i s  t o x i c  f r a c t i o n  T by W a rb u rg  and  C h r i s t i a n ' s  f o r m u l a  
showed  t h a t  i t  had  a p r o t e i n  c o n t e n t  o f  a b o u t  8 0 ^ ,  C o l o r i ­
m e t r i c  r e a d i n g s  a l s o  showed a p p r e c i a b l e  p r o t e i n  c o n t e n t ,  
no  DNA and n e g l i g i b l e  a m o u n t s  o f  RNA and c a r b o h y d r a t e .  The 
r e s t  o f  t h e  w e i g h t  u n a c c o u n t e d  f o r  i n  t h i s  f r a c t i o n  m i g h t  
h a v e  b e e n  due t o  t h e  r e s i d u a l  s a l t s  n o t  c o m p l e t e l y  e l i m ­
i n a t e d  by d i a l y s i s .  The i n c o m p l e t e l y  p u r i f i e d  f r a c t i o n  T 
f r o m  25  mg o f  p r o t o p l a s m  had  t h u s  a b o u t  k  mg o f  p r o t e i n .
I f  one  a s s u m e s  t h a t  a l l  t h e  p r o t e i n  i n  f r a c t i o n  T i s  t o x i n ,  
an d  t h a t  a l l  o f  t h e  t o x i n  f r o m  25  mg o f  p r o t o p l a s m  i s  i n
f r a c t i o n  T,  t h e  f o l l o w i n g  c a n  be d e d u c e d ;  A l e t h a l  d o s e  o f
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20 p g  o f  p r o t o p l a s m  w o u ld  c o n t a i n  3 - ^  p g  o f  t h e  t o x i n  
M.LvDo o f  t h e  more p u r i f i e d  t o x i c  f r a c t i o n s  o b t a i n e d  by 
c h r o m a t o g r a p h y  was p r o b a b l y  e v e n  l e s s  t h a n  3 - ^  p g  <=
The h i g h  l a b i l i t y  o f  t h e  t o x i n ,  w h i c h  had b e e n  s u c h  
an  o b s t a c l e  a l l  t h r o u g h o u t  t h e  e x p e r i m e n t ,  c a n  be j u d g e d  
f r o m  t h e  f a c t  t h a t  a f t e r  d i a l y s i s  and l y o p h i l i z a t i o n  
f r a c t i o n  T was t o x i c  a t  a d o s e  o f  12 5  p g , w h e r e a s ,  e v e n  
w h o l e  p r o t o p l a s m  was t o x i c  a t  a d o s e  o f  o n l y  20 pg«  T h e r e  
I s  a p o s s i b i l i t y  t h a t  o x i d a t i o n  o f  t h e  t o x i n  may be t h e  
p r o c e s s  by w h i c h  I t  was I n a c t i v a t e d  a s  o t h e r  d e s t r u c t i v e  
f a c t o r s  l i k e  h i g h  t e m p e r a t u r e  o r  u s e  o f  h a r m f u l  c h e m i c a l s  
w e r e  a v o i d e d  t h r o u g h o u t  t h e  e x p e r i m e n t .
The e x p e r i m e n t s  r e g a r d i n g  t h e  p r e s e n c e  o f  h i s t a m i n e  
s e n s i t i z i n g  f a c t o r  i n  t h e  p r o t o p l a s m  and t h e  e l u t e d  f r a c ­
t i o n s  showed t h a t  t h i s  f a c t o r  was a s e p a r a t e  e n t i t y  f r o m  
t h e  t o x i n . No t o x i c  f r a c t i o n  p r o d u c e d  h i s t a m i n e  s e n s i t i z a ­
t i o n  i n  m i c e , t h o u g h  t h e  w h o le  p r o t o p l a s m  and f r a c t i o n s  2 
an d  3 o b t a i n e d  by e l u t i o n  f r o m  a DEA.F co lumn  w i t h  a NaCl 
g r a d i e n t  I n  p h o s p h a t e  b u f f e r  seeme d  t o  h a v e  s m a l l  q u a n t i t i e s  
o f  t h e  h i s t a m i n e  s e n s i t i z i n g  f a c t o r .
The p r o t e c t i v e  a n t i g e n  h a s  a l r e a d y  b e e n  shown t o  be 
a s e p a r a t e  e n t i t y  f r o m  t h e  t o x i n  an d  I s  m a i n l y  f o u n d  I n  t h e  
c e l l  w a l l s  w h i l e  t h e  t o x i n  h a s  b e e n  f o u n d  t o  be I n  t h e  
p r o t o p l a s m  ( 3 D  »
I n  c o n c l u s i o n  I t  c a n  be s a i d  t h a t  I n  t h e  p r e s e n t  
w o r k ,  a s i g n i f i c a n t  p u r i f i c a t i o n  o f  t h e  t o x i n  was o b t a i n e d
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by c h r o m a t o g r a p h y  t h r o u g h  a DEAF c e l l u l o s e  columno The 
p u r i f i e d  t o x i n  was f o u n d  t o  be p r o t e i n  i n  n a t u r e ,  a l t h o u g h  
i n  m o s t  p r e p a r a t i o n s  s m a l l  a m o u n t s  o f  o t h e r  m a t e r i a l s  w h i c h  
p r o b a b l y  w e r e  i m p u r i t i e s  w er e  p r e s e n t .
T h e r e  i s  s t i l l  c o n s i d e r a b l e  s c o p e  f o r  f u r t h e r  work  
on t h i s  t o x i n .  B u t  b e f o r e  a n y  f u t u r e  w ork  c a n  be u n d e r ­
t a k e n  f o r  t h e  c o m p l e t e  p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  
o f  t h e  h e a t  l a b i l e  t o x i n  o f  B. p e r t u s s i s , t h e  p r o b l e m  o f  
p r e v e n t i o n  o f  l o s s  o f  t o x i c i t y  h a s  t o  be s o l v e d .  As 
o x i d a t i o n  may be one  o f  t h e  f a c t o r s  f o r  t h e  l a b i l i t y  o f  
t h e  t o x i n ,  t h e  u s e  o f  a n  a t m o s p h e r e  o f  i n e r t  gas  l i k e  n i t r e  
g e n  o r  some r e d u c i n g  a g e n t s  d u r i n g  t h e  f r a c t i o n a t i o n  and 
d i a l y z a t i o n  p r o c e s s e s  m i g h t  p r e v e n t  i n a c t i v a t i o n .
Once t h e  m e th o d  o f  p r e v e n t i o n  o f  l o s s  o f  t o x i c i t y  
i s  w o r k e d  o u t ,  t h e  f i n a l  p u r i f i c a t i o n  o f  p a r t i a l l y  p u r i ­
f i e d  m a t e r i a l  f r o m  t h e  b a t c h  p r o c e d u r e  by r e c h r o m a t o g r a p h y  
t h r o u g h  DEAF c e l l u l o s e  co l u m n  m i g h t  be e f f e c t i v e .  Y i e l d s  
o f  l a r g e r  q u a n t i t i e s  o f  p u r i f i e d  t o x i n  woul d  be u s e f u l  i n  
i t s  c h a r a c t e r i z a t i o n  and  s t u d y  o f  p h y s i c a l  p r o p e r t i e s  l i k e  
e l e c t r o p h o r e t i c  m o b i l i t y ,  h o m o g e n e i t y  an d  m o l e c u l a r  w e i g h t .
F u t u r e  i n v e s t i g a t i o n s  w i t h  s u c h  p u r i f i e d  t o x i n  w i l l  
a l s o  h e l p  t o  s o l v e  t h e  l o n g  c o n t r o v e r s y  o v e r  i t s  a n t i g e n ­
i c i t y  an d  i t s  r o l e  i n  t h e  p r o d u c t i o n  o f  i m m u n i t y  i n  humans 
o r  i n  e x p e r i m e n t a l  a n i m a l s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
V I . SUMMARY
A m et h o d  o f  p u r i f i c a t i o n  o f  t h e  h ^ a t  b i l e  t o x i n  o f  
B o r d e  t e l l a  p e r t u s s i s  h a s  b e e n  d e s c r i b e d .  T h i s  c o n s i s t s  o f  
p r e p a r i n g  p r o t o p l a s m  f r o m  c e l l s  o f  B. p e r t u s s i s  and  f r a c ­
t i o n a t i n g  i t  by means  o f  c h r o m a t o g r a p h y  i n  i o n  e x c h a n g e  
c e l l u l o s e  co lu mn s»
Of t h e  two t y p e s  o f  i o n  e x c h a n g e  c e l l u l o s e  co lu m n s  
u s e d  and  o f  t h e  v a r i o u s  m e t h o d s  o f  e l u t i o n  t r i e d ,  t h e  m o s t  
s u i t a b l e  m e th o d  o f  p u r i f i c a t i o n  o f  t h e  t o x i n  was e l u t i o n  
f r o m  a DEAR c e l l u l o s e  c o l um n  w i t h  a g r a d i e n t  o f  NaCl i n  
0 » 0 1 5  M p h o s p h a t e  b u f f e r  a t  pH 7 » 1 .  O t h e r  m e th o d s  o f  
e l u t i o n  l i k e  a d e c r e a s i n g  pH g r a d i e n t  i n  p h o s p h a t e  b u f f e r  
was a l s o  f o u n d  p r o m i s i n g  » A b a t c h  metho d  o f  s e p a r a t i n g  a 
p a r t i a l l y  p u r i f i e d  t o x i n  h a s  b e e n  d e s c r i b e d .
The p u r i f i e d  t o x i n  by s p e c t r o p h o t o m e t r i e  and  c o l o r i ­
m e t r i c  a n a l y s i s  was f o u n d  t o  c o n s i s t  m a i n l y  o f  p r o t e i n .
RNA, DNA and  c a r b o h y d r a t e s  w e r e  e i t h e r  a b s e n t  o r  p r e s e n t  
i n  v e r y  s m a l l  q u a n t i t i e s .
Enzyme t r e a t m e n t  o f  p r o t o p l a s m  and  t o x i c  f r a c t i o n s  
showed  t h a t  t r y p s i n  c o m p l e t e l y  d e s t r o y e d  t h e  t o x i n  w h e r e a s  
RNase and DNase had  no d e m o n s t r a b l e  e f f e c t  on t h e  t o x i c i t y  
o f  t h e  p r e p a r a t i o n s ,  t h u s  c o n f i r m i n g  t h e  v i e w  t h a t  t h e  
t o x i n  i s  p r o t e i n  i n  n a t u r e .
The h i s t a m i n e  s e n s i t i z i n g  f a c t o r  was n o t  p r e s e n t  i n
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a n y  o f  t h e  t o x i c  f r a c t i o n s .
The s i g n i f i c a n c e  o f  t h e  f i n d i n g s  h a v e  b e e n  d i s c u s s e d  
a n d  p o s s i b l e  f u t u r e  work  i n  t h e  f i e l d  h a s  b e e n  o u t l i n e d ,
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APPENDIX
1• C o m p o s i t i o n  o f  t h e  l i q u i d  medium f o r  g r o w t h  o f  B . p e r - 
t u s s l s  o
B a c t o  c a s a m l n o  a c i d s 1 ^ . 0  gm
B a c t o  y e a s t  e x t r a c t 1 .5 0  gm
N i a c i n 0 . 0 2  gm
G l u t a t h i o n e 0 . 0 1  gm
MgCl2.6H20 0 . 1 0  gm
KHgPO^^ ( a n h y d r o u s ) 0 .5 0  gm
S o l u b l e  s t a r c h 1 . 0  gm
CaCl2 . 2H2O (1% s o l u t i o n ) 1 ml
FeSOi^.yHgO ( 0 . 5 ^  s o l u t i o n ) 2 ml
CUSOL1. . 5H2O ( 0 . 5 ^  s o l u t i o n ) 1 ml
D i s t i l l e d  w a t e r 1 L
The pH was a d j u s t e d  t o  6 . 8 .
The medium was  p o u r e d  I n t o  B l a k e ' s b o t t l e s  ( a b o u t
200 ml p e r  b o t t l e )  and  a u t o c l a v e d  a t  1 2 2 °  C and  a p r e s s u r e  
o f  16 a t m o s p h e r e s  f o r  15 m i n u t e s .
2 o B u f f e r s ,  e l e c t r o l y t e s  and  pH c h a n g i n g  s o l u t i o n s  c,
a )  0 . 0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1
F o r t y - t w o  m i l l i l i t e r s  o f  a s o l u t i o n  o f  0 . 1 5  M KHgPOi^ 
w e r e  mi xed  w i t h  58 ml o f  0 . 1 5  M NagHPO^ o r  Na^HPOt^. I 2H2 O 
a n d  900 ml o f  d i s t i l l e d  w a t e r  w e r e  a d d e d  t o  t h e  m i x t u r e .
The p r o p o r t i o n  o f  KHgPOi,. and  Na^HPOL,. s o l u t i o n s  v a r i e d
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s l i g h t l y  w i t h  i n d i v i d u a l  p r e p a r a t i o n .
h )  0 . 0 2  M T r i s  ( h y d r o x y m e t h y l )  a m i n o m e t h a n e  b u f f e r  pH 8 . 0  
T r i s  ( h y d r o x y m e t h y l )  aminome t h a n e  o b t a i n e d  f r o m  
Sigma C h e m i c a l  Company,  S t .  L o u i s ,  M i s s o u r i ,  was d i s s o l v e d  
i n  a m o u n t s  o f  2.*+2 g / l i t e r  o f  d i s t i l l e d  w a t e r  and t h e  pH 
was b r o u g h t  t o  8 . 0  w i t h  c o n c e n t r a t e d  H C l .
c ) 1 M NaCl i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1
Twel ve  m i l l i l i t e r s  o f  0 . 1 5  M KHgPO^. s o l u t i o n  and  
88 ml o f  0 . 1 5  M NagHPOi^ s o l u t i o n  w e r e  a d d e d  t o  900 ml o f
d i s t i l l e d  w a t e r .  To t h i s  was a d d e d  5 8 . ^ 5  g o f  N aC l .
d ) HCl i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r
F i f t y  m i l l i l i t e r s  o f  0 . 1 5  M p h o s p h a t e  b u f f e r  pH 7 «1 
( c o n t a i n i n g  21 ml o f  0 . 1 5  M KHgPOL,, s o l u t i o n  an d  29 ml o f  
0 . 1 5  M Na2HP0i|_ s o l u t i o n )  w e r e  mixed  w i t h  ^ 5 0  ml o f  0 . 1  M 
HCl .  The f i n a l  pH was 1 . 3 5 .
e ) HCl i n  0 . 0 2  M T r i s  b u f f e r
F i f t y  m i l l i l i t e r s  o f  0 . 2  M T r i s  b u f f e r  pH 8 . 0  w e re  
m ix e d  w i t h  45 0  ml o f  0 . 1  M HCl .  The f i n a l  pH was 1 . 5 .
3 ° R e a g e n t s  f o r  p r o t e i n  e s t i m a t i o n  w i t h  F o l i n - C i o c a l t e u  
r e a g e n t .
Reagent A; 2% Na^COg in 0 , 1  M NaOH
Reagent B: 0 . 5 ^  CuSO^.. 5H2 O in 1% s o d i u m  o r  p o t a s s ­
ium t a r t r a t e
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F i g u r e  V I I .  S t a n d a r d  c u r v e  o f  e g g  a l b u m i n  w i t h  
F o l i n  r e a g e n t .
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R e s g e n t  C;  A l k a l i n e  c o p p e r  s o l u t i o n .  4-9 ml o f  
R e a g e n t  A m ix ed  w i t h  1 ml o f  R e a g e n t  B. F r e s h l y  p r e p a r e d  
s o l u t i o n  was u s e d  f o r  e a c h  t e s t .
R e a g e n t  D: F o l i n  r e a g e n t  o b t a i n e d  f rom  F i s h e r
S c i e n t i f i c  Company,  New J e r s e y ,  was d i l u t e d  w i t h  d i s t i l l e d  
w a t e r  t o  make i t  1 N i n  a c i d .
O r c i n o l  r e a g e n t  f o r  p e n t o s e
F e r r i c  ammonium s u l p h a t e  0 . 1 3 5  gm
O r c i n o l  0 . 2 0 0  gm
D i s t i l l e d  w a t e r  17 ml
C o n c e n t r a t e d  HCl 83 ml
The r e a g e n t  was  u s e d  f r e s h l y  p r e p a r e d  f o r  e a c h  d a y ’ s 
e x p e r i m e n t .
R e a g e n t  f o r  d i p h e n y l a m i n e  r e a c t i o n  f o r  d e s o x y p e n t o s e  
D i p h e n y l a m i n e  1 . 0  gm
G l a c i a l  a c e t i c  a c i d  98 ml
C o n c e n t r a t e d  H2 S0}+ 2 ml
F r e s h l y  p r e p a r e d  r e a g e n t  was u s e d  f o r  e a c h  d a y ' s
e x p e r i m e n t ,
h . D e t e r m i n a t i o n  o f  t r y p t i c  a c t i v i t y .
R e a g e n t s  :
C a s e i n  s o l u t i o n ; 10 mg o f  c a s e i n  was d i s s o l v e d  i n
20 ml o f  0 .0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1  by h e a t i n g .
T r y p s i n  s o l u t i o n ; t h r e e  d i l u t i o n s  o f  t r y p s i n  s o l u ­
t i o n s  wf^re made i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1 .




F i g u r e  IX.  S t a n d a r d  c u r v e  o f  DM w i t h  d i p h e n y l a m i n e
r e a g e n t








F i g u r e  X. S t a n d a r d  c u r v e  o f  g l u c o s e  w i t h  H2S0i^ 
t r y p t o p h a n e
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% t r i c h l o r o a c e t i c  a c i d  (TCA)
P r o c e d u r e  ;
F o u r  m i l l i l i t e r  a m o u n ts  o f  c a s e i n  s o l u t i o n  were  
p i p e t t e d  i n t o  e a c h  o f  t u b e s .  To t h e  f i r s t  t u b e  was 
a d d e d  1 ml o f  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  t r y p s i n  s o l u t i o n ,  
t o  t h e  s e c o n d  t u b e  1 ml o f  t h e  n e x t  l o w e r  c o n c e n t r a t i o n  and  
t o  t h e  t h i r d  t u b e  1 ml o f  t h e  l o w e s t  t r y p s i n  c o n c e n t r a t i o n .  
The f o u r t h  t u b e  was u s e d  a s  c o n t r o l  and  r e c e i v e d  no t r y p s i n  
u n t i l  l a t e r .  A f t e r  one h o u r  a t  room t e m p e r a t u r e  a l l  t h e  
t u b e s  r e c e i v e d  5 ml o f  TCA an d  t h e  c o n t r o l  t u b e  1 ml o f
t h e  h i g h e s t  c o n c e n t r a t i o n  o f  t r y p s i n  s o l u t i o n .  The f i n a l  
c o n c e n t r a t i o n  o f  t r y p s i n  i n  t h e  f i r s t  t h r e e  t u b e s  was 
50 j ag ,  2 5  p-g a n d  1 2 .  5 p g  p e r  ml r e s p e c t i v e l y .
A l l  t h e  t u b e s  w e r e  a l l o w e d  t o  s t a n d  one h o u r  a t  
room t e m p e r a t u r e  a f t e r  t h e  a d d i t i o n  o f  TCA and t h e n  c e n t r i ­
f u g e d  f o r  20 m i n u t e s .  The o p t i c a l  d e n s i t y  o f  t h e  s u p e r n a t e s  
w e r e  r e a d  a t  280 mpi i n  a Beckman DU S p e c t r o p h o t o m e t e r  u s i n g  
t h e  f o u r t h  t u b e  a s  b l a n k .
5 .  D e t e r m i n a t i o n  o f  RNase a c t i v i t y .
R e a g e n t s  :
RNA s o l u t i o n ; 5 mg o f  RNA i n  20 ml o f  0 . 0 1 5  M 
p h o s p h a t e  b u f f e r  pH 7 . 1
R i b o n u c l e a . s e  s o l u t i o n ; t h r e e  c o n c e n t r a t i o n s  o f  
r i b o n u c l e a s e  i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1  w e r e  u s e d  : 
1 2 5  j ag ,  6 2 , 5  jig a n d  3 1 . 2 5  jig p e r  ml r e s p e c t i v e l y .
M a c F a d v e n ' s  r e a g e n t  ( 5 1 ) : 0 . 2 5 ^  u r a n i u m  a c e t a t e
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2 o5^ t r i c h l o r o a c e t i c  a c i d .
P r o c e d u r e  ;
F o u r  m i l l i l i t e r s  o f  RNA s o l u t i o n  w e r e  p i p e t t e d  i n t o  
e a c h  o f  t h r e e  t e s t  t u b e s .  One m i l l i l i t e r  o f  t h e  d e s i r e d  
c o n c e n t r a t i o n  o f  r i b o n u c l e a s e  s o l u t i o n  was t h e n  a d d e d  t o  
t h e  p r o p e r l y  l a b e l e d  t u b e .  The f i n a l  c o n c e n t r a t i o n s  o f  
r i b o n u c l e a s e  i n  t h e  t h r e e  t u b e s  w e r e  25  j i g , 1 2 . 5  p g  and  
6 . 2 5  p e r  ml r e s p e c t i v e l y .
The m i x t u r e s  w e r e  l e f t  a t  room t e m p e r a t u r e  f o r  one 
h o u r ,  5 ml o f  M a c F a d y e n ' s  r e a g e n t  a d d e d  t o  e a c h  t u b e  and  
t h e n  a l l o w e d  t o  s t a n d  f o r  a n o t h e r  30 m i n u t e s .  The m i x t u r e s  
w e r e  f i l t e r e d  t h r o u g h  ’Afhatman No. 4-2 f i l t e r  p a p e r ,  t h e  
f i l t r a t e s  d i l u t e d  w i t h  e q u a l  vo l u m e o f  d i s t i l l e d  w a t e r ,  and  
r e a d  i n  a Beckman DU S p e c t r o p h o t o m e t e r  a t  260 mp.
A b l a n k  was p r e p a r e d  by a d d i n g  5 ml o f  M a c F a d y e n ’ s 
r e a g e n t  t o  4- ml o f  RNA s o l u t i o n  an d  a l l o w i n g  t o  s t a n d  f o r  
30  m i n u t e s .  One m i l l i l i t e r  o f  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  
r i b o n u c l e a s e  s o l u t i o n  was a d d e d  t o  i t  and  f i l t e r e d  t h r o u g h  
Whatman f i l t e r  p a p e r  No. 4 2 .  The f i l t r a t e  was d i l u t e d  w i t h  
a n  e q u a l  vo lume o f  d i s t i l l e d  w a t e r .
6 .  D e t e r m i n a t i o n  o f  DNase a c t i v i t y .
R e a g e n t s  ;
DNA s o l u t i o n s ; 10 mg o f  DNA d i s s o l v e d  i n  20 ml 
o f  0 . 0 1 5  M p h o s p h a t e  b u f f e r  pH 7 . 1
D e s o x y r i b o n u c l e a s e  s o l u t i o n ;  t h r e e  c o n c e n t r a t i o n s  
i n  0 . 0 1 5  M p h o s p h a t e  b u f f e r  w e r e  u s e d ,  12 5  ) ig ,  6 2 . 5  }ig
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a n d  3 1 » 2 5  ug p e r  ml r e s p e c t i v e l y .
3 . 0  M t r i c h l o r o a c e t i c  a c i d  (TCA) s o l u t i o n
P r o c e d u r e  ;
F o u r  ml a m o u n t s  o f  DNA s o l u t i o n  w e r e  p i p e t t e d  i n t o  
t h r e e  t e s t  t u b e s .  One ml o f  DNase s o l u t i o n  was a d d e d  t o  
e a c h ,  t h e  f i r s t  t u b e  r e c e i v i n g  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  
D N a se ,  t h e  s e c o n d  t h e  i n t e r m e d i a t e  and  t h e  t h i r d  t h e  l o w e s t  
c o n c e n t r a t i o n .  The m i x t u r e s  w e r e  a l l o w e d  t o  r e a c t  a t  room 
t e m p e r a t u r e  f o r  one  h o u r  and  t h e n  1 ml o f  3*0 M TCA was 
a d d e d  t o  e a c h .  They w e r e  t r a n s f e r r e d  t o  a n  i c e  w a t e r  b a t h ,  
a l l o w e d  t o  s t a n d  f o r  15 m i n u t e s  and  f i l t e r e d  t h r o u g h  Wha t ­
man No, h2 f i l t e r  p a p e r .  The f i l t r a t e s  w e re  t e s t e d  f o r  
d e s o x y p e n t o s e  by t h e  d i p h e n y l a m i n e  r e a c t i o n  ( ^ 7 ) .  The b l a n k  
was p r e p a r e d  by a d d i n g  1 ml o f  3*0  M TCA t o  ^  ml o f  DNA s o l u ­
t i o n  t o  w h i c h  was a d d e d  1 ml o f  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  
DNase s o l u t i o n .  I t  was k e p t  i n  a n  i c e  w a t e r  b a t h  f o r  15  
m i n u t e s  an d  f i l t e r e d  t h r o u g h  Whatman f i l t e r  No. k-2.
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